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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-TCOO) and/or 
hexachlorodibenzo-p-dioxins (HXCOO). Currently, there are fourteen production 
facilities and approximately 7000 workers included in the Registry. The first 
use of this information is in a retLospective 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-TCDO 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,S-trichloro
phenoxyacetic acid (2,4,5-T acid). Na 2,4,5-TCP and 2,4,5-T acid have been 
shown 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. 
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Introduction 

The National Institute for Occupational Safety and Health (HIOSH), 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 
(PCOD) and in particular 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-~CDD) 
and hexachlorodibenzo-p-dioxin (HxCOO). The NIOSH Dioxin Registry is 8 

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 carcino~en and a teratogen. 1- 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 C2,4,5-T acid) and hexachlorophene. CUrrently, there are 
fourteen production facilities and approximately 7000 workers inclUded in the 
Re&istry. 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 Hitro, West 
Virginia. Site 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 9a 2,4,5-TCP which in turn was 
used to produce 2,4,5-T ~cid. 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) descriptions, 
past stUdies conducted at the plant, information prepared for litigations, 
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-~4, and 1966. SMPs for Na 2,4,5-TCP were 
provided for the years 1953, 1958, 1960, and .1962. The Ha 2,4,5-TCP 
production process was a part of the 2,4,5-T acid production process from 
1963-1969. 

Description anu 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 If 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 
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industry. In 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 aeres and the 
waste treatment plant oc~upied 42 acres. Production included a~ricultural 
chemicals, nutrition chemicals, paper chemicals, plasticizers, and rubb~r 
chemicals. Figure's 1 & 2 show plant layouts for the Nitro plant for the 
years 1945 and 1970, respectively. The numbers on these layouts indicate the 
location of the various building located at the plant. 

Through the years, the Monsanto Nitro plant has ~rown and diversified in the 
amounts and types of chemical products manufactured. Table 1, obtained from 
the Chemical Information Services of the Stanford Research Institu~e8, 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 mahufacture these 
products for the years 1952 and 1960. Tables ~ and 5 list chemical products 
manufactured, building numbers and departments where these products we~e 
manufactured and the raw materials used to manufacture these products for the 
year 1968. These tables we~e constructed from information obtained from 
industrial hy~iene surveys conducted by Monsanto on September 1952, Ma~ch 
1960, and April 1968. 9 ,10,11 In the 1952 industrial hygiene survey, the 
workforce was ~eported to have 804 employees while estimates of 450 and 400 
employees were calculated as the workforce size for the years 1960 and 1968. 
The workforce size vas reported to be 512 employees in 1986. 

Monsanto Nitro processes of interest to the Dioxin Registry study are the 
Ha 2.4,5,-TCP and the 2,4,5-T acid. Na 2.4,S-TCP and 2,~,S-T acid vere 
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, Ha 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 3A. 
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 Buildin& 16 and on some occasions 
Buildings 21 and 46. In Au&ust 1963, the 2,4,5-T acid process was 
consolidated with the N8 2,4,5-TCP process in Buildin& 51 and designated 
Building 92. In Buildin~ 92, Ha 2,4,5-TCP was a batch operation, while 
2,4,S-T acid was produced in a semi-continuous operation. The 2,4,5-T acid 
operations in Buildin& 34 were discontinued at this time. Production of Ne 
2,4,S-Tep and 2,4,5-T acid was discontinued at Nitro in Au&ust 1969 with s~me 
activity eontinuin& in Buildin& 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 Sh~~ts in the SHPs 
for 2,4,5-T acid for the years 1948-49, 1953, 1958. and 1962-6. and in the 
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SMFs for Ba 2,4,5-TCP for the years 1953, 1958, and 1960. 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 2,4,5-7 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,COO Founds of 2,4,5-T acid per month. Tne production capacity for Ba 
2,4,S-TCP while the process was in Building S1 was between 225,000 and 260,000 
pounds of Ba 2,4,5-TCP per month. Ba 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 Ba 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 Ba 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 operation, 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,S-TCP 
involved the hydrolysis of l,2,4,5-tetrachlorobenzene (TCB) to form 
Ua 2,4,5-TCP in a methanol-caustic-water solution as shown in the following 
mechanisms: 

CH30H + 
(methanol) 

Cl 

BaOH 
(caustic) 

CH30Na + 
(sodium metyhlate) 

OCR 

*
Cl 

+ aloNa > 
Cl 1 (Sodium .. tbylat.) *

Cl 

C + MaCl 

(TC!) 
Cl 

(Z.4.5-tr1cbloroan1aole) 
(2.4.)-TCA) 

O<->N? 

__ ~>., *Cl+ CB.3OCBl 
Cl (dt.ethJl ether) 

Cl 
(IIa 2.4.5-Ta) 
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The Ha 2.4.5-TCP produced was then used to produce 2,4,S-T acid. He 2,~,5-TCP 
was reacted with sodium monochloroacetate (HaKCA) to form Ha 2,4,5-T. The Ha 
2,4,5-T was in turn reacted with sulfuric acid to produce 2,4,5-T acid, by the 
following mechanisms: 

Cl 

While the chemistry of these production processes did not chan~e 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 Ha 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 s·ix 
figures illustrate the evolution of the Ha 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. Ha 2,4,5-TCP and 2,4,5-T Acid Pilot Process, Building 32. 

Initial production of Ha 2,4,5-TCP and 2,4.5-T acid was started in the Pilot 
Plant, Building 32. in April 1948. Very little information. descriptions or 
operating procedures were provided for the Pilot Plant operation. Presumably 
the initial operating procedures and conditions used when the 58 2,4,5-TCP and 
2.4.5-T acid process were moved to Buildin&s 41 and 34, respectively, were 
used in the Pilot process. A 35-&allon autoclave reactor was used to produce 
5a 2 ••• 5-TCP usin& the raw materials of TCB. flaked caustic (HaOH). and 
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methanol (MeOH). The resultins Na 2.4.5-TCP (3~ solution). 2S~ NaOH solution 
and monochloroacetic acid (MCA.) vere mixed cold. heated. and reacted in a 
condensation reactor. The crude Na 2.4,5,-T resulting from this reaction vas 
filtered and washed, dissolved in water, and acidified vith 93~ sulfuric acid 
(H2S04). The resultin& 2,4,5-T acid slurry vas filtered, Washed, and the 
resulting cake vas dried in tray dryers. 

B. Ua 2,4,5-TCP Process, Buildinss 41 and 51 

A full-scale Na 2,4,5-TCP process was started in October 1948 in Buildin& 41. 
SMPs for the Na 2,4,5-TCP process for the years 1948, 1953, 1958, 1960, and 
1962 were used to write the folloving process descriptions. The Na 2,4,5-TCP 
process vas 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 51 is shown in Figure 10. 

Ua 2,4,5-TCP Process flow dia~rams for the years 1948 through 1962 are shown 
in Figures 3 through 8. Inspection of these fi&ures shows that no significant 
changes were made in the Na 2,4,5-TCP process betveen the years of 1958 
through 1962. 

TeB. excess flaked NaOH and 9~ MeOH vere charged to a seo gallon fire heated 
a~itated steel autoclave reactor and heated 5 to 7 hours at a temperature 
range betveen 165 and 175-0 and a pressure ran~e betveen 300 and 500 pounds 
per square inch ~aUte (psi~). The autoclave contents were then cooled to 
120·C and blovn by residual preBsure throu~h pipes to a KeOH still in 
Building 34. In the still. excess HeOH was removed while water vas added. 
Water vas added to the He 2,~,5-~CP solution until the desired 32~ Na 
2.4,5-TCP solution by wei~ht vas obtained. 

This procedure of addin~ all the reactants to the autoclave a~d then heating 
the batch to the desired temperature by an open flame resulted in two 
incidents of run8vay decomposition reactions. ~he first runaway reaction was 
a minor problem that vas self-contained. The second of these decomposition 
reactions occurred on KBrch 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 psis 
within ten minutes. This pressure build-up was inadequately relieved through 
a hand vent and emer&ency vent. One of the vents twisted off and alloved the 
batch to spray into the operating area. A fine black powder and a thick, 
sticky, dark brovo substance coated the vorkin& surfaces throughout Building 
41. This accident vas to have severe consequences to the health of the 
workers involved vith this process and will be discussed in detail in the Past 
Exposure section of this report. The He 2,4,5-TCP process vas shut dovn until 
Au~ust, 1949. During this time, Ha 2,4,5-TCP used to produce 2,4.5-T acid was 
purchased from The D~~ Chemi~~l Company. 

As e result of the March 1949 accident, several ehan&es were made in the 
manner with Which Ha 2,4.5-TCP vas produced. After the accident, MeOH and 
laOH were char~ed into the autoclave and pre-heated to 170·C. TeB vas then 
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gradually fed to the autoclave solution over a 4-1/2 to 5-1/2 hour time 
period. With respect to the TCB, a 5~ molar excess of NaOH and 70~ molar 
excess of KeOH vere used. Prior to the accident, as stated previously, thQ 
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 Ua 2,4,5-TCP production process was moved to 
Buildin& 51, where production procedures were essentially the same. Table 8 
lists the major pieces of equipment used in the Na 2,4,S-TCP process housed in 
Buildin& 51. A 2500-&allon 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 Building 41; the reaction temperatures 
ranged between 168 and 175·C and the ~ressures ranged between 300 and 500 
psig. A batch charge was made up of 8200 lbs of MeOH, 3300 lbs of NaOH, 120 
gallons of water and 6000 Ibs of TCB. The TeB 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 Ha 2,4,5-TCP filtration 
and distillation process (to recover excess KeOH) was moved to Building 51. 
Prior to this time, filtration and distillation were done in Building 34. 

Distillation to recover excess KeOH from the Na 2,4,5-TCP reaction solution 
was accomplished using B 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 vas set at 1:1 at the start and the vapor t~erature 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 &allons of 
water were added and the distillation continued until the vapor temperature 
reached 90·C or the pot temperature reached lIS·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 Ha 2,4,5-TCP solution was between 31 and 33~ by weight Na 
2,4,5-TCP. 

From October 1948 to Octob~r 1951. the He 2,4,5-TCP solution was filtered 
after MeOH removal in Building 34. From October 1951 to December 1957. Ua 
2,4,5-TCP was filtered in Building 51. The filter press was pre-coated with a 
water slurry of super-fi!tro\ after clean filter papers were installed. The 
batch W3S filtered to the iO,OOO gallon settling tank. When the settling tank 
was full, the contents wer~ p~mped to a 50,000 &allon storage tank. 

By 1958. filtration of the Na 2,4.5-TCP solution had been eliminated and the 
solution went directly from the KeOH still to the settling tank. Four to five 
autoclave batches were accumulated in the settling tank after which they were 
transferred to the 50,000 gallon storage tank. The tanks were maintained at a 
temperature between BO and 8S·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 settlin~ tanK to the storage tank. 
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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 
DO, respectively), Flectol H, DDK, mercaptan and other processes. SKPs 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 depictin~ 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. 

Frcrm 1948 until 1950, Na 2,4,S-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 solution through pipes to a 1200 
gallon agitated, jacketed steel MeOH still. MeOH was removed from the still 
while water was added to keep the Ha 2,4,S-TCP in solution. Once the excess 
MeOH was removed from the Na 2,4,5-TCP solution, which was approximately 3~ 
Ha 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 Ha 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). HaMCA had been prepa~ed previous to this step by reacting MCA with a 
25~ caustic solution. The HaMCA was fed slowly over a period of 1-1/2 to 2 
hours to the Ha 2,4,5-TCP solution. The Ha 2,4,5-TCP reacted with NaMCA to 
fo~ Ha 2,4,5-T. 

Periodically, throughout the HaHCA addition the pH of the reactant solution 
was checked. Initially the pH was cheeked using a dip rod and phenolphthalein 
paper. Starting in March 1961, the pH was monitored with a pH meter instead 
of the phenolphthalein indicator. If the batch became too thick water was 
added. After the final addition of the HaMCA solution, the contents of the 
reactor were agitated for 2-1/2 hours at 92-9S·C, to complete the reaction 
(Itarting 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 SO·C 
by circulated recovered water through the reactor jacket. 
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The Ua 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 centrifu~e was used (see Figure 11). By 1953, a second centrifuge 
was added, a 4S" 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 centrifu&e to the 
hopper. The Red!er conveyor, shown in Figure 13, carried the wet Ua 2,4,5-T 
cake to either a storage bin or to the dissolver. When filtration and 
dewatering of the Ua 2,4,5-T cake became difficult, changing 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 c~ol. The cloths which had been 
removed were placed in metal containers wi~h closed lids and t.wice weekly 
hauled to a disposal pit. The filtrate anu wash water coming from the 
centrifuges were collected in the filtrat~ receiver and pumped to the filtrate 
storage tank where it was later used to re::over unreac ted 2,4, S-TCP. 

The wet Ua 2,4,S-T cake was either stored ur directly dumped to the dissolver 
which contained hot water. The contents ~f the dissolver were then heated 
with agitation to 90-9S·C and held at th;"s temperature for 10-15 minutes or 
until the solution was complete. From L'~8 through 1953, the Ua 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. 4S 
cartridge. One filter was used at a time and changed to a clean filter when 
filtration slowed. Cartridges were chanbed as required with the dirty 
cartridges being disposed of in closed metal containers which were hauled 
twice weekly to a disposal pit. After 1~S3. filtration of the Ua 2,4,5-T 
solution from the dissolver was not dom,. 

Initially, acidification of the Ua 2,4,5-T solution took place in a 500 
gallon, enamel lined, agitated, steel acidification tank. Ua 2,4,5-T solution 
was pumped into the acidifier followed by a ~ighed 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 B 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 t.he formation of 2,4,5-T acid was altered. A weighed amount of sulfuric 
acid was pumped into each acidifier, followed by tbe Ua 2,4,5-T solution. 
Additional sulfuric acid was added until the pH reached 2. The contents of 
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the acidifiers were a~itated f~r 20 minutes and were then ready for 
filtration. Cooling water was kept on the aeidifier jacket at all times. 
Acidification in this manner remained the same throughout the time that the 
2,~.5-T acid process was in Building 34. 

Filtration of the 2.4.5-T acid solution in the aeidifiers 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, contel1ts 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. '!he 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 cake 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 dryin~ 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 two 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,S-T acid was dis~harged 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,S-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 Building 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. 
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In 1949. 6- and 12-stall tray dryers were located in Buildings 34 and 79, 
respectively. 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 dumpin~ material prior to loadin& it in the tray dliers, a paper 
cutter for cutting paper used in the trays and a micro-pulverizer with a ba~ 
screen. The 2,4,S-T acid. shoveled f~om 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 t~ay and the damp 2,4,S-T 
acid shoveled f~om the w~oden 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 tbe 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 100-10S·C. The dryers ~re checked f~equently, and wben the 
2,4,S-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 tbe top to bottom of the dryer. The dried 2,4,5-T acid was 
dumped into eitber fiber drums or into la~ge 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 &a110ns of 25~ caustic for reworking in the reactor. 

With the renovation of the 2,4,S-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 Buildin& 34 housed the 
entire 2.4,S-T acid process. The drying system consisted of a storage hopper 
equipped with a vibrator, a punch arm and a 6-incb 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 Redle~ conveyor fed damp 2,4,S-T acid f~om either the 2,4,S-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 45·C. The 2,4,S-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 wei&hts. 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,-1 centrifuges was collected in filtrate 
storage tanks and contained unreacted He 2.4,5,-TCP. The filtrate was pumped 
from stora&e to a monel recovery tank where a&itation was started and 93~ 
uulfuric acid was added until the contents in the recovery tank had a pH of 2 
using pH paper until Karch 1961 and then usin& a 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 Bett1in& period 
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the upper or water layer was dischar~ed to the sewer through an adjustable 
siphon. After two batches had been processed, the recovered 2,4,S,-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,S,-TCP was pumped to a Na 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,S-T acid 
process were made in 1953. At that time, the reactors, the Na 2,4,5,-T 
centrifuges, the diesolver, 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 ventilation 
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 scrubber (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 centrifu~es. The 
Schutte and Xoerling 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 
accommodate the addition of the 2,4.5-~ 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 wag 
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 Ha 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 Buildin& 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 &radually 
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 batch was blown through a well "line to the methanol recovery still using 
the reactor's residual pressure. 

Me~h8n~1 r~e~~~r: ~s accomplished in the eL~e ma~~er =s .0S dune 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 &allon 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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vapo~s comin~ f~cm the still were condens~d 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 stora&e tanks. The distillation was started with a 
reflux of 2 ~allons per minute. When the temperature of the still'reached 
110°C, 500 &a110ns of water were added and the distillation was continued 
until the still temperature reached 11S·C at which time it was diluted with 
water to a dete~ined outa&e and transferred to a 50,000 &al10n 8a 2,4,S-TCP 
a&itated stora&e tank maintained at SO-8S·C. 

Two 2000 gallon steel condensation reactors were used to produce He 2,4,5,-T. 
Ha 2,.,5-TCP was pumped from storage into a 500 gallon steel weigh tank and 
RCA was added to a 100 gallon glass-lined weigh tank. The Ha 2,4,5-TCP charge 
was dropped by gravity into the reactors. Agitation was starteo and recovered 
2,4,5,-TCP was added until the pH was adjusted to 8.5. The reactors we~e 
maintained at 92·C and over a 45 to 60 minute period the MeA and water charge 
were fed into the reactors. The pH of the two balches was maintained by 
automatic pH control and checked with litmus paper. After the MeA addition, 
the batches were held for 90 minutes mainteinin& a c~nstant temperature of 
90·C and a pH of B.S. At the end of the hold period, 25~ NaOH was added while 
the batches cooled. The batches were p'~ed to a surge tank and water was 
used to wash out the reactor. From the sur&e tank the Ua 2,4,S,-T slu~ry was 
pumped to the filter feed tank maintainin& 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 ua 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 Fi&ure 17. The Ua 2,4,S,-T 
slurry was maintained at a constant level in the filter pan and the Eimco belt 
rotated through the Ua 2,4,5,-T slurry forming a caxe on the outer surface of 
the belt. Tne cake on the belt surface was uashed by three banks of cold 
water to r.emove residual Na 2,4,5-TCP and impurities. The Na 2,4,S,-T cake 
then rotated off the belt and fell throu&h a chute into a Us 2,4,5,-T slurry 
tank ~here the ua 2.4,S.-T was redissolved in water and maintained at a 
temperature between 7S- and eo·c. The concentration of the Ua 2,4.5,-T slurry 
in the slurry tank was maintained at 10 to 12~ Na 2,4,S,-T using automatic 
ratio controls. Wash water and Ua 2,4,5,-~ filtrate were pumped from the 
Eimco belt filter to the primary TCP recovery settler. 

Sodium hypochlorite was added to the Ua 2.4,S,-T solution in the slurry tank 
on a continuous ratio with the quantity of Ua 2,~,S.-T cake comlng from the 
Eimco belt filter. The rate of addition of the sodium hypochlorite was set on 
a ratio controller taking its signal from the Eimeo cake thickness gauge. The 
sodium hypochlorite was added at a rate to give 4 to 6 pounds of sodium 
hypochlorite per 100 pounds of Ua 2,4,5,-T cake. The sodium hypochlorite was 
added to the Sa 2,4,5.-T solution in order to lighten the color of the final 
2,4,5-T acid product. The Ua 2,4,5,-T solution was then puwp~d frum the 
slurry tank to a 2000 gallon glass-lined agitated jacketed acidification 
tank. While the Ha 2,4,5,-T solution was charged, 93~ sulfuric acid was also 
added at a ratio to ~ive 30~ excess acid and no residual Sa 2,4,5,-T. The 
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temperature of the acidification tank was maintained between 80· and 8S-C. 
The feed and discharse of the acidification tank were continuous with 
discharge coming from a bottom center nozzle on the acidifier. 

The 2,~,5-T acid slurry corning from the acidifier was fed to a 300 gallon 
Haveg tank. From the Haveg tank the 2,4 .5-T a.cid 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 collect~d in the pan filter was 
washed by four hot (70·C) water washes. dewater.e~ -.nd discharsed by a screw 
type seroll into the dryer feed surge hopper. Th. wet 2,4.5-T acid was then 
fed from the surge hopper to a 4 foot by 20 foot ~tainless steel rotary dryer 
at a controlled rate to keep the outlet tempet·atul."e at 60·C or higher in order 
to get 11 dry product. The dry 2, II. S-T acid cOll'~1nr. from the dryer was 
discharged through a 6" screw conveyor to a lir.i<-b<elt bucket elevator through 
k 30 inch Sweco screener and into a 450 cubic fvot steel product hopper. The 
2.4,S-! acid flowed continuously from the product hopper into a 275 cubic foot 
ribbon blender until the blender was loadp.d. ~he ribbon blender was used to 
increase the density of the 2,4.S-T acid proc(1ct. The 2.4,.5-T acid product 
was then packazed using either a St. Regis flu~dizinr. ba~ 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 atain filtered by a Dustex backup dust collector. 
Dust collected in the primary dust colleetor was diseharsed to the product 
hoppe~ 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 eollector, 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 basser, and the drummin~ 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,~.5,-T filtrate and wash wat~= were collected from the Eimeo belt filter 
in a 10 foot in diameter by 8 foot ~ 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 ± O.~ pH 
units. The filtrate and wash water were added to the primary settler only 
when the timco filter was runnj.r,~. but sulfuric 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 ~,here 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 recovere~ 2.4.5,-TGP 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 Uitro, West Virginia is organized into 
departments but is more clearly associated with buildings and production 
processes. Workers involved in the production of Ua 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 sUJtIl\srized 
in Table 11. As stated in the History and Description of th~ Facility section 
of this report and in Table 6, the buildings involved were Building 32 for Ua 
2,4,5-TCP and 2,4,5-T acid in the summer of 1948, Building 41 for Ua 2,4,5-TCP 
for the time period of October 1948 to July 1950, Building 51 for Ua 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 
Ua 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 
SKPs. Additional workforce information came from three indust~ial hygiene 
survey reports for the years 19529 , 196010 , and 1968, and fr~m SKPs for 
2,4,5-T acid for the years of 1958 and 1962 and for Ua 2,4,5-TCP for the year 
of 1960. Const~cted from this information and listed in Table 12 are the job 
titles and descriptions for the Ua 2,4,5-TCP ~nd 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 Ua 2.4, 5-T and 2.4, 5·-T acid 
centrifuges and the dryinE 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 UaHCA. The operators assisted the head operators and operated the Na 
2,4,5,-T centrifuges. The helpers also operated the Ua 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. ~~ese time cycles obtained from the SMPs ~e~e 
associated with the job titles \Ised in the 2,4,5-T acid process. 

For the Ua 2,4.5-TCP process in Building 41. from 1948 to 1950, and later ~n 
Building 51, from 1950 to 1963, the job titles of head operator, opera'.l.1r. and 
helper were used. The autoclave and the methanol still were operatea ~y 
either the head operator or operator with the assistanca of • helper. The 
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Ha 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 Ha 
2,4,S-TCP batch process and the 2,4,5-T acid process were combined to make one 
semi-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 aut~claves, ethanol stills, 2,4,S-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 shifts per day with five workers per shifl. 
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. In 19q6, 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 Planl 
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 ~lile the plant physiCian remained part-time making 
periodic visits to the plant and being on call. Also about this time an 
assistant to the safety director was hired. The medical and safety personnel 
at the Nitro plant remained the same during the time the Ha 2,4,5-TCP and 
2,4,5-T acid processes were operated (until 1969). Industrial hygiene 
activities at the Nitro plant remained at the corporate level throughout the 
time the No 2.4,5-TCP and 2,4,5-T acid proc~sses 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 Ha 2,4,S-Tep process in Building 41 after the March 8th, 
1949 accident. Within hours after the accident in which the autoclave reaclor 
contents had been sprayed into the operating area, workers began repairin~ 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 Karch IS, 1949, the contaminated areas 
of Building 41 were washed with trichloroethylene. With an increasing number 
of people contracting chloracne, Buildin~ 41 was sprayed with sodium 
hypochlorite on May 27th and 30th and June 2Ath, 1949. This was done with the 
hope that the sodium hypochlorite would oxidize the phenolic materials which 
had contaminated the buildin~. On Au~usl 3 and 4, 1949, the entire interior 
of Building 41 was washed throughly with water and on August 6 and 7, 1949, 
the entl.re interior of the building and surfaces of the equipment were spray 
painted with an aluminum paint. p.'! October 1949, the Ha 2,4,5-TCP process in 
Building 41 was back in operation. 

The dev~lopment 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,S-T acid processes. On April I, 1949, the part-time physician for the 
Nitt·o plant reviewed a summary of 21 cases and personally observed three 
patients. 12,17 Doctors from the U. S. Public 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 Depar·;.ment of Preventive Medicine, College of Medicine, University of 
cincinnati. 

Drs. Ashe and Suskind12 wrote a report dated December 5, 1949 summarLz1ng 
their findin~s 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 arisin~ out of their employment. This intoxication j.s 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 we~e 
prominent." The doctors also noted in their report that, "when these men at'e 
in a closed room together, there is a strong odor which suggesls a phenolic 
compound, but cannot be identified with certainty. This odor is definitely 
nol 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 lhese men are excreting 
a foreign chemical through their skin." This initial examinat.ion lead to 
further examinations by these doclors. 

Reexamination of the four workers previously examined in October 1949, plus 
examination ~f olher 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 lheir skin and central nervous syslem 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 pht'ynodel"ll1a. The 
central nervous system symptoms were those of irritability, nervousness, and 
insomnia. The respirato~y p~oblems were dyspnea and wheezing. The 
neurological minifestations were cha~acterized by local pain and weab1ess 
which were associated wilh the histopathologic findings of pe~ipheral 
neuropathy. ,The worke~s 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. Suskind14 and others from the University of Cincinnati in 
April 1953, went to the Nitro plant to study workers with chloracne. Workers 
were chosen lo 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,S-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 194~ 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 
CutaneO'JS lesions 
Fatigue 
Aches and pains 
Dyspnea 
Nervousness and irritability 
Loss or decrease of libido 
Vert.igo 

Number of Workers 
35* 
21 
27 

9 
17 
13 

4 

* One subject complained of pains, fatigue, and irritability, but never 
developed acne. 
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The conclusions of this study were: "Our positive findines at this time are 
limited to tIle 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 ~as found in the 36 workers examined, but chan&es which may have 
occurred in the acute or severe phase of the syndrome, could have subsided 
completely by the time of these examinations." In conjunction with the 
medical examinations of these workers, industrial hygiene surveys of the UB 
2,4,5-TCP and 2,4,5-T acid processes were conducted. 

Industrial hygienists from the University of Cincinnati, Kettering Laborato~y, 
Department of Preventive Medicine and Industrial Health, College of M~dicine 
conducted industrial hygiene 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 Ha 
2,4,5-TCP and 2,4,5-T acid processes. Samples of air were collected at all 
locations wher~ 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 chloride in a impinger 
containing 0.1 H sodium hydroxide and 0.005 gm/ml of arse~ious 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 used in the 
Ha 2,4,5-TCP process in Building 51, air samples were collected in Building 51 
using a sintered ~lass impin~er containing 95~ ethanol. The alcohol solutions 
were analyzed by burnin~ away 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 Unive~sity of Cincinnati industrial hysiene surveys are 
listed in Ta~les 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 or~anic chloride in the four air samples collected in 
Building 51 ranged from <0.10 to 1B.1 parts chloride per million parts air 
(ppm). The 1B.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 Ha 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 
or&anic chloride concentrations in the 20 air samples collected at the various 
opErations throu,hcut the 2.4.5=T acid proc~ss in ~~i!din~ 3~ ranged f~om 
<0.10 to 7.50 ppm. Two of the higher organic chloride concentrations for both 
sampling dates were collected on the reactor platform while loading the 
reactor with Ha 2,4,5-TCP and NaMCA solution and testing the solution pH. 
Results showed or~anic 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 
.amples 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 hy~iene surveys 
conducted by the University of Cincinnati industrial hygienist. The dust 
samples were collected usinS hi&h volume (7 cubic feet of air per minut~) air 
samples and a paper filter {Whatman 41, 105 millimeter (rom) 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 ransed from 0.20 to 2.57 me of 2,4,5-T 
acid per cubic meter of air <mclm3). Four dust samples were collected in 
the drying and packagins 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 dryins 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 
process. The results of these samples gave a geometri~ mean value of 0.79 
mg/m3. 

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 Ha 2,4,5-TCP and 2,~,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 uorkers 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 centrifu~e. The hygienist 
concluded that skin contact with process materials provided greater 
opportunities for exposure than the suspension of vapors and dust in the 
atmosphere. 

A comparison of the findin&s in 1956 survey compared to those in the 1953 
survey led the University of Cincinnati industrial hy~ienist to conclude that 
the concentration& of dust and vapors in Building 34, the 2,~,5-T acid 
process, had not changed appreciably during this time. Some changes made 
which the hygienist felt mi~ht 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 State Department of Healt~, 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 8. 1954. These sampl~s were colleeted using 
Greenbur&-Smith imp inters at a sampling rate of one cubic foot per minute. Ho 
information was available on the sampling media used in the impingers or the 
analytical procedures used to measure the concentrations of 2,4,5-T acid. The 
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resu~ts are listed in Table 19. The concentrations of ten 2,4,5-T aeid air 
samples from various proeess areas ranged from 0.02 to 1.06 mg of 2,4,S-T acid 
per cubic meter of air (~/m3) with a geometric mean of value of 0.17 
mg/m3. 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,S-T acid and Na 2,4,5-TCP 
operations indieated 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,S-T acid p.ocess at the Nitro plant was 
conducted from November 12 throu~ll November 14, 1952 by Drs. Donald Birmingham 
and Cleveland Denton of the Division of Occupational Health, u.s. Public 
Health Service17 , The survey consisted of walkin~ throu~h 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 
that all chlo~acne cases had, in common, exposure to the physical facility or 
to the operation of making the chlorinated hydroearbon intermediate (so~ium 
2,4,5-TCP) for the herbicide. 

From the w8lk-throu~h the following observations were made as to where 
dermatologic hazards existed in the Ha 2,4,5-TCP and 2,4,5-T acid processes: 

1. Cleanin& the filter press in the Ha 2,4,5-TCP proeess. 
2. Cleaning the Alsop filters. 
3. Removing solid materials from the centrifuges. 
4. Drying, grinding, and packaging the 2,4,5-T acid product. 

From the dermatological examinations the investigators found those workers 
most severely afflicted had comedones, small.$ellow papules, and yellow 
colored cystie lesions about the face, neck, shoulders, and scattered papular 
and follicular lesions on the trunk and lower exiermities. The workers less 
severely affeeted by chloracne showed eomedones 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, wei&ht loss, painful joints, and 
loss of libido. 

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 con~erned with these processes 
(Sa 2,.,5.-TCP and 2,~,5-T acid). 
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2. 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. 

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

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

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

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

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

In March 1960, a corporate industrial hygienist from Monsanto conducted a 
survey similar to the one Monsanto conducted in 19521°. 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. Building 34-(2,4.5-T): The hand sticking of the sodium 2,4,5-T reactors 
must be stopped. 

2. Building 34-(2,4,5-T); There are two Fletcher centrifugals on the sodium 
2,4,S-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. 

3. 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. 

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

5. Building 34-(2,4.5-T): When the final product centrifugal is in 
operation, vapors and mist are badly splashed and projected allover 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. 

6. 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 Boon as possible. 

7. Buildin& 51-(N~ 2,4,5,-TCP): The still autoclave is opened after the 
methanol has been flashed off. The contents of the vessel are checked and 
vater is added to make a sodium 2,4,5-trichlorophenate of a certain 
concentration. When the reactor is open, lhere is very lillle fumin&. 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. In 1980, Zack 
and Suskind1B 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 10~ complete. The conclusions of the investigators 
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 and 2,4.5-T 
acid process workers was a clinical epidemiologic study conducted by Raymond 
Suskind and V.S. Hertzberg19 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, O.O~. Among B6.27~ chloracne 
eases, 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 Gaffey20 in 1980. A 
standard mortality analysis was conducted on·~44 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 t~le 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 A&rieulture. 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 2.3,7.8-TCDD concentration appear to have remained 
the same throushout 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. Tnis 
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 8aOH 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 
$as 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 
using 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 Monsanto 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 U&/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 arithmetic mean of 10.5 ug/g. In 1967, 117 samples were analyzed with 8 
zamples yielding non-detectable levels at a 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 uglg 
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 (5~ 2.4.s-T ester 
and 50~ 2.4-D ester) for the U.s. Air Force in 1972. Six analyses of Monsanto 
Agent Orange were done by Dow and the results ranged from 6.9 to 9.3 ug 
2,3,7,8-TCDO/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 analyzed for 2,3,7,B-TCDD 
concentration by the U.s. Department of Agriculture (U.S.D.A.)21. In three 
2,4.5-T ester samples manufactured from Monsanto 2,4,S-T acid produced in 1967 
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the results ran&ed from 14.1 to 34 ug/& and an arithmetic mean of 20.~ 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 analy~ed 
with results ranging from 1.9 to 6.S ug/g and an arithmetic mean of 4.0 US/g. 

Description and Use of Personnel Records 

Personnel records were the primary source for identifying exposed workers for 
inclusion in the HIOSH Dioxin Registry study. Monsanto supplied the records 
to HIOSH on computer tapes. The Hitro cohort consists of all hourly workers 
ever assigned to the production of 2,4,S-T or 2,4,5-TCP between October 4, 
1945, and December 31, 1969. Salaried workers and maintenance workers from 
the central pool were not included, since it was not possible to identify 
which individuals worked in the relevant processes. 

Additionally. as stipulated 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 companylS-20. in 
unpublished studies,12-17 and in several internal company documents. 22 •23 
Records of individuals who were identified as having chloracne not related to 
the 1949 accident23 are being reviewed for evidence of exposure. Only those 
individuals with a record of exposure will be included in the cohort. 
Personnel records for all 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 a 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 info~ation is present in the folders of salaried employees. 
except there is no chronolo&ical listin& 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 te~ination dates prior to 
1955, UIOSH 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 be&innin& with all letters of the alphabet, that the boxes were 
possibly 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 HIOSH containing the complete work history records for all individuals 
in the Nitro dioxin cohort. Much effort has gone into verifying tl1& accuracy 
of the work history information and the identification of the individuals in 
the cohort. In 1985, the Monsanto plant epidemiolo&ist conducted an audit of 
an ~ sample of the records computerized for all employees who worked between 
1955 and 1977. In 1988, HIOSH staff scrutinized a 1~ sample of the records 
of the dioxin cohort. No errors were found in transcription of information 
from the service cards to the computerized system. NIOSH staff also reviei/ed 
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 1~ of the employees ~ 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 worket" compensat.ion records are located in the medical 
building. Medical rec~rds 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 pat"a-aminobiphenyl monitoring program. Microfilmed 
copies of the medical records were sent to SlOSH by Konsanto for members of 
the cohort. In 1988, srOSH staff reviewed the medi~al 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 people12- 17 . 

The medical and worker compensation records are bein& t"eviewed for indications 
of chloracne. Monsanto provided a list of individuals who had chloracne 
associated with the 1949 accident19 , 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 flnal list was compiled by a 
Monsanto epidemiolo&ist in the 1970's.23 In 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 8 separate subcohort, as indicated in the study protocol. 

A second (separate) utilization of records with medical itlformation involved 
scrutiny for entries noting days of assignment to exposed departments, because 
such assignments appear on many worker compensation forms and accident records 
and in some medical reviews. This approach was used to identify assignments 
to Tep and 2,4,5-T buildings, and duration of exposure only for individuals 
identified as exposed by Monsanto, but for whom we had no other record of 
assignment. A unique SlOSH department code was used to eode 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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Conclusions 

Based on the inf~rmation, documents and dats collected fro~ Monsanto on the 
Na 2.4,5-TCP and 2,4,5-T acid production process at the Nitro, West Virginia 
~lant, the workers involved in these operations are suitable for inclusion in 
t.he UrOSH 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 2,1, ,5-T acid are available for the years 1958 through 1969. 
With the worle histot"l data, the knowledge of the tasks perforn.ed, and the 
2,3,7,8-TCDD concentration in the 2,4,5-T acid, estimates of exposure to 
2.3,i,8-tCDD to the Monsanto Nitro workers relative to the other workers 
included in the NrOSH Dioxin Registry will be made. 
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Appendix A 

Monsanto Company 
Nitro, Wes.: Virginia 

Figures 1 through 19 
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Figure 11 
Top Unloading 48" Tolhurst ~entrifuge 

MonB~nto Company 
Nitro, West Virginia 

48" UNDERDRIVEN 
CENTRIFUGE 
TOP UNLOADED 

- 40 -



Figure 12 
Bottom Uuloaa1ug 4~' Fletcher Centrifuge 

Monaanto Company 
Nitro, Welt Virginia 

EXAMPLE OF 48" SUSPENDED CENTRIFUGES 
BOTTOM UNLOADED 

CLOSE UP OF A PERFORATED BASKET 
WITH VIEt\' OF THE 
UNLOADING PLOt\' 
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I ~:\ 
OUT 

RedlerR F12ure 13 
Conveyor/Elevator 1000 Series 

Mon.auto Company 
Nitro, West Virginia 

IN 
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GA.S 

Figure 14 
Schutte and Koerling Venturi Scruober 

Monsanto Company 
. Nitro, West Virginia 

CIRCULATING 

LIQUID 

CLEAN AIR 

,.0 SEWER PUMP 
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CI 

HOCI 
CI H + 

CI 

',2, 4, S~Tttr •• 
chlorobtnzene 

(lCB) 

Tce 

Figure ISA 
Na 2,4,5,-TCP and Process Block Flow Diagram 

Building 92 
Monsanto Company 

Nitro, West Virginia 
1963-1969 era 

ONa 

HOCI 2NIOH + 2CH,OW-1
CI 

H 

Sodium Methanol CI 
+ NaCI 

Silt 
Hydroxide (MeOHl 

Sodium 
2,.,S-Tri· 

chlorophenate 
(N.Tep) 

H20 

Water Dimethyl 
Ether 

NaOHt--_ ....... 

o MeOH 

Storage 

AutOclave 
Reaction 

- 44 -

Meth!nol 
Recovery 

o 
NaiCP Storage 



ONa 

HOCI + 
CI H 

CI 

NaTCP 

Figure 15B 
2,4,5-T ACid Process Condensation Reaction 

Block Flow Diagram 
Building 92 

Monsanto Company 
Nitre, West Virginia 

1963-1969 era 

OCH,COONa 

NaOH --i HOCI + NaCI 
CI H 

CICHzCOOH + 

Monochloro
acetic Acid 

(MeA) 

Sodium CI 
Hydroxide 

SOdium2 ••. 5_ 
Trich1orophenoxy

Icellite 
(Na2 ••• 5 T) 

ORecovered --------, 
TCP 

Storage 

- 45 -

Condensation 
Reaction 

Na2.4.5-T 
Storage 



OCH,COONa 

2 MOCI ~ 
CI H 

CI 

Na2.4.S-T 

Figure 15C 
2.4.5-T Acid Process Purification 

Block Flow Diagram 
Building 92 

Monsanto Company 
Nitro. West Virginia 

1963-1969 era 

HzSO. 

Sulfuric 
Acid 

OCHzCOOH 

--+2 HOCI ~ 
CI H 

CI 

2.4,5 
Trichloroph!r ,oxy

acetic Acid 

NazSO, 

SOdium 
Sulfate 

Na 2.4.5-T 
Storage 

Acidification 
Reaction 

LIQuors 
toTCP 

Recovery 

Na2.4.5-T 
Filtration 

- 46 -

2.4,5 - T LIQuors 
Filtration To Sewer 

Wet Product 



Figure 150 
2,4,5-T Acid Process Drying and Packaging 

Hot 
Air 

Wet PrDduct 

Drumming Station 

Block Flow Diagram 
Building 92 

Monsanto Company 
Nitro, West Virginia 

1963-1969 era 

Storage 

--"'Exhaust Air 

Oversize 

Storage (Ory Product) 

Blender 

Blgging Station 

- 47 -



2,4,:S-T Acid ~ .111"""" ~.JL Process Support and TCP Recovery 

ONa 

2 HOCI 
CI H CI 

NaTCP 

Block Flow Diagram 
Building 92 

Monsanto Company 
Nitre, West Virginia 

1963-1969 era 

Dryer 
Exhaust 

tltlen 

Dust Collection 

Fume Scrubbing 

To 
ATM. 

H3~TO ATM. 

";:':;;:-::-:';';~--:-:-II 

~~~~~~~ Sewer 
~~:;.:..:.=~.-... 

TCP Recovery 

--+ 
Sulfuric Acid 

OH 

2 HOCI 
CI H 

CI 

2.4.S-Tri. 
chlorophenol 

(TCP) 

Sodium Sulfate 

.lr----- H2S04 

" ,.......;..---.----------•• TCP Weigh 

Settling 
Tank 

Wute Water 

TCP 

- 48 -

Tank 
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Figure 18 
Dorr-Oliver Pan Filter 
2,4,5-T Acid Process 

Moosanto Company 
Nitro, West Virgioia 

Dorr-Oliver Pin Filter 

To Fum. 
ScrUbber 

- --- -:--- ~1.,-:- --r:: - ~:- . _. - -=--=-- .:- -, 
I 
I ..... 

.......... 

. ..... ..... 

Frllh,.. I -- WISh J __ - In 

- +_/ : - . -- ---
- ---------- -

Frill'! 
~~:;::::1'P---~~---~:::::2:t'::::::=== Wat.r 

A".;::::::::::;::==',.) 
BIO"'-

Filtrllp to 
',lIrlll lII,c"\I', 

In 



Figure 19 
Mikro-Pu~saire Dust Collector 

Monsanto Company 
Nitro, West Virginia 

~ COMPRESSED AIR 
~====================~~ SUPPLY 

CLEAN ---Ir---
AIR--+----

EXHAUST ~~~~-~===== __ ~~~======~==~~==~~ 

VENTURI 
NOZZLE 

SOLENOID 
VALVE 

DIAPHRAGM 
'-VALVE 

~"-.... -REMOTE 

OUST ---t:=~ 
LAO EN --Ir------,~~ 
AIR~---

MATER1AL DISCHARGE 

CYCLIC 
TIMER 



Appendix B 

Monsanto Company 
Nitro, West Virginia 

Tables 1 through 21 

- 53 -



Agricultural 

InorQanic ChemicAls 

OrQanic ChemiCAls 

...... _ .. 
"ana&nt.o Ch_t c&l Pr-ocluct.s 

f1on.antD ea.panv 

Nitro, W •• t Yireinia 

1970 

2-Chloroallyl d1ethyld1thiocarbamate 

S-2,3-Dichloroallyl dii.apropylthioocarba~at. 

Ethoxyquin 

2,3,3-Trichlaroallyl 

N,N-dii.opropylthiolcarb&~at. 

"ethionine hydroxy analogue 

Decylbenzenesulfon1c acid, sodium salt 

Dod.cylbenzen •• ul~onic acid, sodium •• It 

2-S.nzathia:olethiol. sodium .alt 

1,3-Diphenyi-2-thiourea 

1,3-815 (2-b.nzot.hiazothi&zolyl •• rcapto~.thyl) 

ur.a 

Sis (di~.thylthioc&rbamoyl) di.ulfide 

N,N'-Sis (l-.thyl-3-•• thylpentyl) 

p-phenylenediamine 

- 54 -



O,.ganic Chtt",icals cant. ~.~;'-Bis Cl-methylheptyl) p-henylenediamine 

N-te,.t-8utyl-2-benzgthiazcl •• ulf~ •• ide 

6-te,.t-Butyl-m-c,..scl and sulfur dichloride 

ccnd."sat. 

4,4'-Butylidenebis (6-tert-butyl-m-c,.escl) 

~utyr_ldshyda-ac.tald.hyde-aniline condensate 

n-Butyr.ldehyd.-anili~@ condensate 

Eutyraldehyd.-butylideneaniline ccndens.te 

Carbcn disulfide and 

1,l'-methylenedipipe,.idine condensate 

N-CycloheKyl-2-benzothiazolesulfena",ide 

~.S-Di <tert-amyl' HydroQuincne 

l,2-0ihydrc-6-dodecyl-2,2,4-t"imethylquincline 

l,2-0ihydrc-6-.thoKy-2,2,4-trimethylquincline 

1.2-Dihyd,.c-2,2,4-trimethylQuincline 

1.2-Dihyd,.c-2,2.4-trimethylquincline, 

polymerized 

Oimethyldithioca,.bamic acid, zinc salt 

N-(2,6-0imethylmorpholinc)-2-benzgthi~zcle

sui fenallli de 

1,3-DiphenylQuanidine 

- 55 -



DrGani~ the.ieal. cont. 2~.rc.ptQbanzothiazole 

1.3-D1phanylQuanidine phthalate 

2.2'-Dlthiobia (benzothiazol.' 

4,.'-Dithiodi.orphcl1ne 

N-Oxydiethylene-2-benzothiazolesulfenamide 

.,4·-THiobis (6-t~t-butyl-e-c~ •• Ql' 

2-Thiured-l-thiotax aixture 

o-TolybiQuanide 

Defca~er PC 1244 and 1344 

Sytheti~ re.in antioxidant 

Faprr sizin; a;ent 

Ref.~.ncel ~I Intrrnaticnal 1971 D1re~tory of Chemical Producers, 

USA. 
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Deet. Ns. 

3 

7 ~ ~(J. 26, :: 
, part of 54 

_ If 

Pilot Plint 

~1 

42 

57 

Bldg. No. 

3 

3 
15 1c}"lnc:ngJ 

8 

: Ib(Tny Clrylng): 
17(Gnnclng 
Screening' 
PackiQlngl 

... , ... 

32 

34DlrF 

. 
I 

Table 2 
Chemical Products, Departments, 

Building Numbers and Raw Materials 
Monsanto Company 

Nitro, West Virginia 
1952 

No. of Hourly :ND. of Sahnec: Tetal Ho. of Prcducts I'oitena!s 
lil.l'lcled IkIrI:!"s Work!r~ IiIorI:!rs 

12 

.", .. 

13 

4 

4 

If 

16 

13 

17 

b 

- 57 -

-, 
I 

~ IA-I-ThlccarDinl!lde, IAnillne, CS:. Ort~e-
IA-:2-tond. Prod. of CS2 ':tolulClne, Aceta!cehyde , 
Icrthctoluidine II IAiaonii 
IAceta:denyde ..-onla 

:NaCN, fJ,c, .. , A.'lllne, 
:DF~IK:I. H2SJ4, N.O'-:, 
:tirchloroe~~vlene l OP5 

:Santo-erSf slurry, 
: SaM 0«I!"5P ;J0Idp" l 
:Diethy!ene glycol 

:Plast:c ~lfur, ~anOI, 
:Sant~lte, Thicta~, 

lSantocure, SA 326, 
IThlurac. Sa~tDler5e 3 L 0,: 
:Ar!Sl:iDs, Santeva .. U , A, 
:ThiDC~~&nlllte, SV-I75, 
::!,~,5-T II Clay 

:PSCI3. 5eClUi Ithylate 
:pa"anlt~e;J~enol, SoC. ish 
: Ir Filter aid 

4 :P5C!3 l Pc!vgiycerol :PCI:. S~~fur (cowcer ~ 

:.o;te~). A::::. S:YCe-lne ' 
:l Nal): 

4 

I~ 

16 

13 

17 

:SOWI. etnyla:e 

: I'\l scellineous 

IAjlJ'1e C 

:Ajone P 

: Si"tafl ex All: 

:Flectc! H 

12,4,5-T 

:fteti!ll~ soCIUI L 
: ethyl alcohol 

:Ac.tlJ'1r II Cl1"a-iIIln::
lbichellyl 

IAjone C II N,N'-ci~"eny:
:plrl~henylene-Cilmlne 

:Acetone, Aniline, Hel Ir 
:ICIOH 



:>eDt. Nc. 

' . .. , 13 &r 14 

6 

Bldg. No. 

40 

.. 
'f. 

46 

Table 2 cent. 

No. of Hourly lNo. of S.lined: Tota! No. ~ PrOducts 
Workers Workers IIIcrl:~s 

16 

.,.., 
~ .. 

:C; I 

-------
16 lOll Additives 

:2 ,~~ci~~o~en:ct~l&:C:, 
:SoCIUli !!E.~ !. Thlcta;: 

2'1 : SMltocure 

8 : Santowtu te 

----- ------ ----- ----- ----
3: ~t 13 1~ lS.,a: I Prooucts 

:-

:0I1onne, t:~DSe:le. Iso· 
lprco.nol, IscDrooyl 
:x.~t~at~, OS:, AbitC!, 
lPZD5 in i!c~hol, PhDSP~i~e: 

l" .. lte~, Ni~-:. O!:e':l!, 
: Ili terttary uy l tI~er,ol !. 
: HydrClbe: yl .1 co~o: 

:/'(01:1ne. CS:. Si.:fur. 
:Na!)l " H~50' 

: Scc;un: 1"'::. :yclohe~v!
laallne. t.;,~~:. c::. 
lNa sulfIte ~ Sin:cture 

:ftonotertlir~utv!-.eta

lcresol, S~:fu· clch!o'loe 
II Sh!lysolve C 

l2,2·-t~ICO;S-(4.6-dlCh!cro

:phenolJ, c::~, A:Cl~, 
l2.4-dicnlorOQhenol ~ 

:Kcnochloro~en:ene 

lAcC!tdde~ycE. 

: ButvnldellVlle. Crl!oso~e 
:oil. Dll'Iet"ylu,;~!. 
: 2-et'1yl ne::anol. Deenol. 
:Tolue~£, ~-to1uene s~:fo,-: 

:chloriee. fll!thMlol, 
:Tricnlcro~en:en£, ~i~ " 

: Acu!s 

r, 8 8 lNa 2,4,S-trlchlorophenitl!:Tl!trac~loroben:ene, l/aQH, oJ-

l"eth~nol , Hi =,4!~-Tt~ 

26 26 lThiourti lThiourea, Caicluill 
:cVln~!ide. Llle. Ni 
l sulf D~Yc!~ it e. f!:!<'...')! , H:'S 

60 9 9 lPli~~it SLllfLlr :SulfLl~, 51!!fur lono-
70(grlncing :chlDf'lde a. Br2 

a. pic~ig.ng) 

- 58 -



:jPSl'ucn, 

Rub~er " 
:l'1't~c: L~5 

:0 

foIe;~,iI'; C~: , 
5e~v:ce 

Blc~. No. 

7: 

7St.. 

78 
:79 iTr"" try:~;": 

Table 2 cont. 

No, C'i Hourlv :No. of S.!ilnec!! Tetal No. of 
W~ke"5 tiorkers Workers 

8 

8 

16 

Products 

If !SintM@"ses 
: (Detergents) 

e :5i-3~b. Soo&nO~ & 
: Santovar A ItO 

8 :A:ky] benzene ~ noce~vl 
:benzene 

16 :Thlohoe 

694 

- 59 -

,. .. teruls 
Hindlfc 

:Grou: 1!lde~S, C~~lstS. 
:nontet~n.cal olnC stucer.ts 
:handle t~'1! gilD'Jt of 
: IUteri al s ~cocntered In 
:rfsearch inC cor.tr~: libs.: 

:A!ky! ben:!"'!!, H2Sn4, Nl~: 
: Na §\,,! fate, j s:l;)rooano1 , 
:~a h~OC~~O~ltE, S07 ~ 

: Butv!ilJ1llne 

'Santome~5e slurry 

:Orthctc!u:c:n~, Urtne
!ildnoC\~ne"v!, Tertury 
:ir.y! a!coi~!, H2~~, Hel, 
:Sre11vsolvf ~. Dityancl
:&einde, ~d~oaulnonf, 
:Orthobl,h!"'lyl, Biauanlde &: 
:Alkylated OOlyhyd~DXY) 
:pheno! 

:Ben:ol, 5k!!]~so!V! S. 
:C!:2, AICl3 , ~:IH 

:Na .erc~tob~:o~hli:ole. 
:C!:. NaQ~. T.:1 011 & 
: Stea~l cat:: c 



Table 3 
Chemical Products, Departments 

Building Numbers and Raw ~~teriais 
Xonsanto Company 

Nitro, West Virginia 
1960 



DePt. ~. Slog. No. 

8:3.48 

817 .83 B 

8:7.66 

j.!l Dll !Control Room -
Fric:ti cn.tl O!'l 100 

623.04 

817.21 

823.69 

S:Z:.70 

: Other.i se open 
!structure 

32 

46 

46 

46 

4b 

46 

ttl. of toJrl Y :ND. 
ulcers 

11 

18 

Table 3 cent. 

of Salvied: Totil Nc. at Products Kiteruls 
Hi>ndlec Iiorkers IIorlcers 

2 

:5ulhs~ R 

11 :~sl;:e 

: Cal CHI. III'A 
: (Ietn~ om ne hyorox y 
!an.loquel 

14 iResln Ac:1CS 

:F.tty Acu!s 

10 !Elastc;la~ 

:(~thyl-N-dinitroso

:irlihne) 

20 iltiA Atl d 

:CD~: (Yegicex Ictlve) 

IAvaeex Concentrate 

:s.n:cw,l1 te Crystals 

:PC 1244 (deiauerl 

:Sutyi ~ti Cresol ~ H:l 

:~chclene, Sulfu~ 
!lOnochlarlde, Clensolene, 
1251 NiOY • Sterox Ct 

:T.11 oil rOSIn, PU"i
: forlal dehyct , Toluene
:sulfcnlc A::c, Fuea!lc 
:Ac:id, :!Sl NiOH ~ ~Cl 

:Crude Ti!l OIl 

:~thylinllin~, He:, 
:Na NItrIte' ZSl NiOH 

!fC~, Acreleln, !\ethyl 
:IIerCCltan, PyrIdine, 
!Acetlc Ac:i~ L Hel 

:Dich!oroprocenE 
:Dlet~yl ilane 
: 2S4 NaOf1 , CS2 

:NH4SC~, Trlchloroor~ene. 

:Diisopropyl lAine, H2SO4 ~ 

:251 NiO~ 

:Sulfur dithlo~lde 
:!iI:!l1 ysolv-<: 
Itertiuy-Dutyl tets-trrsol 
:1ti4~ 

:ICerORne, Ethyl .crylatl! 
__ ~~ ______ :2-Ethylhe~yl acrylite, 

:PC :~ (deiOlM'I :lli!nIoyl peroxide. Tolu!!1l . ----- ------ ------ -----~ ----~ .. ---~---- --------825.12 71 15 2 17 :f.antDlfl"R 5 :Litluid 503 

- 61 -



Table 3 cont. 

:!!at. f«l. Bldg. Nc. Nc. of Horl y :No. of Silin!d: Tota! No~ of 
~k~5 ~ker5 ~k~s 

PrOducts !'laterals 
HI.'lclec 

• • I • 

-------------'---------------- --------------',-------------,-------------- ------------------------'-------------------------
C.SO 71 

S::·.07 79 

S~7.4c 79 

79 

9!7.01 79 

~ •• nte~ante :~: (~a;r. S~ccl 

:76 (Palnt S,ocl: 
:73 ($\rea S"lO~) 

905.~ 

iullity Contro: : 
WcnttY y 

823.55 
22::.58 

41 

Total 

: :Dt-r.ylben:e"I! 

----- ------96 

16 

10 

22 

- 62 -

96 

20 

:Sintcere Sl :Kgnslnto arDiltlc ni~ht~a 
_________ :Etnyll!n! ~lyco: 

:Sintoeer5e 3 P,ste :Chlorine 

:Santoeene E Dry 

:Si."Itoeerse E 30% Solubon: 

:Vegadex 

:Avadex 

,6ua:otal 

:A-l Thic 
: (Thiocarbanilide) 

:CDEC 
:Heavy ,rOftatic n~hth. 
: £.ICcl Ad 420 

: Cruoe Avadex 

Il'Ierti;)';.Db en:othl 0:0: e 
:Dllonne 
1251 Nal)!. 
:Lt. wright ~etrclNl 011 
ISt!!"lC AclC 
:Stercx 51: 

:Phtha!iC An~yarlde 
:Oi?nenylguinlclne 

IAnlllne, CS:, Sulfur 
: NaOH II H2SG4 

16 :s.ntOPOll:l 5 
:Santol!!'le C? 
:Di 1 Addi ti YrS 



Plc~. 71 7: " 7Ie 

'Ie"'~::!S S ~ 17 

T .. : 1 Cil! Till 011 

9. PTOCLIcts 91 

817:1 46 

e9S(J7 46 

B9S(~ 46 

99512 In 13 

B-7S 7S 

8-79 8-79 

PIe: 41 
ntercapta Brnlcl ThilZolel 

Table 4 
Chemical Products, Departments, 

Building Numbers and Raw !1aterials 
~lonsanto Company 

Nitro, West Virginia 
1968 

No. of Hourly :No. c1 Silirl!C: Totil Nc. oT Products 
Workers Itrkers Workers 

2 24 ::,4.5-T Acid 

:2 2 24 : Sin tOller5e 5 
: Sint 0Nf' SE- SI 
:SlntOler5e 3 Piste 
:Santoroers! E 
:Av.ace~ 

:Av.adl!r.8~ 

: Vtgidex 
:St.a!lclized CDEC 

b ' 7 :~Sl:es 
: Santownl tl! Crvstals 

1: ::! 14 : ViT"l DUS Till 011 Fri::tl~r. ; 

38 4 42 :Sintee~re ~, ~O ~ 2b: 
:DPfOiler PCl~4L ~:1~'4 
: !lefeiler PI 530 
:Rub~er ~e" ~ 3: , 100 
: Sintowhi te Powc!!" 
:Sanf.as.n R, ~ntonox R 
: Th~etax, Aceel!!'" it or 8 

9 10 :Santowhlte CrY5ti!S 
: Santowhi te 11" 

1 ' 13 :TDTC AVice~" 8li 
:DDTC AVicex .: 
: CDEC IIe9,adex 

21 22 ::2, ~rox y-4-1'1eth~-ltM1 0-

Myr-ic kid 

11 :2 13 :1.1,2,3-Tetrich!crucropenl! 

11:1 :2 18 :~it1el. Sintevir A 
:SlntDMhitl! 

12 :2 14 :Thiotu 11>, ThiDllDr 
:ThiDfide, EL. 60, liuinti! 

17 2 19 :KBT, ~ flBT, Thictlx 

- 63 -



Table 4 cont. 

Dect. he. Bldg. No. No. 01 Hourly :No. of S&1l1"led: Tetal No. of F-rDduth 
Workers Marken Markers 

45 ",5 16 2 ;8 I SlI1tocU!"'l!, Sintacure NS 
: -34 1l-34 13 14 IS,ntoflex DD. AN , 75 

:s.ntcouin, Flectol A 
:503 A, A-€S 

'S7 e-37 B q :Fltctol H ~ ODP 
I -

~ 0 I Centr.l Dnwu nc; 5ta~1 on 

E-40 B-AO 16 2 18 IOi! Adclbves, SlMcoelc 5 
:Rust Inhioltors 
IPhOSD~ite , Kilate Esters: 

-----':"euis "IC'"> , 2S 280 ,...... I 
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Table 5 
Chemical Products, Raw ~~terials, Departments, 

Intermediats and Building Numbers 
Nonsanto Company 

Nitro, West Virginia 
1968 

-~~~lQj~g----------P~~~t;----------------R;;-Mate;~;i~-------------i;t;;;;~~~t;~------

Number 

----9~----:2:4:5:T-AC;d-------------:TCB:-N;OH3:-H:S04:-MCA-~-:::4:5:TCA:-N;Cl:---------' 
: NaOH :Nti 2,4,5-:C? t clmethyl 

I ether 
, I , , 

-7T-~-7TC-:5antomerse-5-------------IDecvl-Ben=ene:-SuIfu;----:-------------------------
:Trlo~ide, Ethylene Glycol: 
:Chlorlne, 25% NaOH ~ 
:Filter Aid 

---------- ------------------------- ------------------------- -------------------------71 ~ 71C :S~ntomer5e SX :Olefin Dodecyl Ben:ene, 
:~l~th Aromatic Naohtha, 
:Sulfur Trio=lde, Ethylene: 
:Glyccl, Chlorlne, :5% 
:NaOH L Filter Ai~ 

---------- ------------------------- ------------------------- -------------------~-----: 71 & 71C :Santomerse 3 Paste :Same as Santomerse SX 

---------- ------------------------- ------------------------- -------------------------71 ~. 7lC :Sar.tomerse E :Llgth Aromatic Naphtha, 
:1007. H2S04, Di Sodium 
:F~o5phete, 25~ NaOH, 
:Chlorlne ~ Filter Ald 

-71-t.-71c-:A:~;~~-------------------:H;~~;-A;~;;t~~-N~Pth~~---:-------------------------

: Avade:: Techni cal ~, 

:A~rimul A & N!OG 

,-71-~-7:E-:A:~c;;,Bw-----------------:~~~d;;-Bw-Technl~aT:----- -------------------------
:Agrlmul A ~ N~OO, 
:Solvent Xylene & 
:Heavy Aromat:c Naptha, 

---------- ------------------------- ------------------------- -------------------------71 t 71C :Vegade:: :Heavy Aromatic Naptha, 
:Vegadex Concentrate 
lEmcal AD 420 (Witco) , , 
, I -,--------- ------------------------- ------------------------- -------------------------71 ~ 7Ie lSta~oli:ed CDEC :Vegadex - Technical : 
:Isodecyl Alcohol 

, I 

1 ___ --__ ------------______ 1 

8 :Me;;i:;s-----------------:Ro;in:-Toru;ne-5~lfOnic-- : 
:Acid, 507. Formaldehyde, 
:Fumaric Acid, Potassium 
IHydroxide. Nael ~ Pot Ash: 

---------- ------------------------- ------------------------- --_ .. -17 :5antowhlte Crysta16 l4, 4'-thio-bis-(6 
ltertiary ~eta Cre501) 

------------------------- ----------------
I I 
I • -------------------------
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Table 5 cont. 

-B~ir~lng-:--------P;Od~cts---------7------R;~-Mat;;~;ls------T------lnt;;;;clat;s------: 
Nullifier 

, _____________________________________________________________________________________ 1 

-.all Oil :Pitch 
(open ur) :Rosln 

:FAtty AClds 
Unsaturated 
Saturated 

:Crude Tall Oi 1 

, ---------- ------------------------_._------------------------
: Tall Oil :Hlgh V1SC:OSlty Distllle~ :SO-50 ROSln :Super Filtrol 

:Activ~ted Carbon 
:751. PhcsphcrlC: AC:ld 

: <ope:1 a;r): Tall Oil Fatty Ac:id 

, , 
---------- -------------------------,-------------------------'-------------------------

91 : Santccure MOR 

:Santocure MOR 90 

:Morphline. Chlorlne. 
lNaOH, Isopropanol & 
:Thiomor M~T Disulflde 

----Q:----:s;~t~~~~;-26-------------:Th;;~;~:-chl~;~~;:-N;OH,-;-------------------------
:Monochlorobenzene ~ 
::,6-0imethyl Morpholine 
, 

---------- -------------------------'------------------------- -------------------------:Defoamer PC1244 ~PC1344 
:Defcamer ~ 5::0 

:Oefcamer5, Kerosene, 
: Etny! Acrylate, 
:: Et~yl Henyl Acrylate, 
:Ben:y: F'erO;:lde ~f. Toluenel 
, 

__________ -------------------______ 1 ______ ------------------- _______ ~ ________________ _ 

91 :Rub~e~ C~em. A :: :Anlllne, Butryl Alde~yde : 
:~< Acetic AC:ld , , 

__________ -------------------------,-------------------______ 1 __ - _____________________ _ 

:Rubber Chem. A 100 :Anlilne, Acetaldehyde, 
:Butyrlc ACld. Cresote Oil: 
:~ Rubber Cnem. A 3: 
, 

---------- -------------------------'-------------------------9! :Santowhlte Powder :Murlatic Ac:ic, Tertiary 
:Sutyl meta Cresol, 
:Sutvraldehyde ~ 
:Stoddard Solvent 

:----------:-------------------------:-------------------------:-------------------------: 9: :San-fasan R :Morp~c!ine, Sulfur 
lMoncchloride, NaOH , 
:Stoddard Solvent , , 

ql----:S;~t~;;;-R---------------;T;~ti;~y-B~tyl-M;t;------'-------------------------
:Cre5cl, Sulfur Dichloride: 
:Trichlcroethy!ene ~ : 
:Stoddard Solvent . , 

----9i----:AcC;l;r~t;r-B------------;M;~C;;~B;;;;i-Th~~;i;:;-------------------------
:Tetra l'1ethy! Thurarr, Di 
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Table 5 cent. 

-B~~ld~ng-:--------P~oo~ct5---------T------R;;-M;te~r;15------T------Int;~;edr;te;------
NUlIIOer 

, , 
___________________________________ -------------------------'------------------___ --__ 1 

:Sulfide ~ Texas Oil. 511: 
, , 

---------- ------------------------- -------------------------'-------------------------, 91 : Thiota:: :Mer~.acto Benzol Thio:ole, 

46 :Santowhite Crystals 
: (4,4'-ThIO-bis-(6-ter t

butyl-meta-Cresol» 

: & Texas Oil * 51: 

:Tert Butyl meta Cresol, 
:Sulfur Di~hloride, 
:n-Heptane ~ Aqua AmmonIa . ---------- ------------------------- ------------------------- -------------------------46 

46 

46 

46 

: Santow~ll te H~~ 

: (F·ol mer Santowhi te 
Crystals) 

: TDTC Avace:~ B~ 

: DOTe Avace): 

: CDEC Vegace:: 

::! Hyc r c::y-4-Methyltr,;o
ButYl"l~ Ac~d 

!Same as Santowhite Crysta:Cal~lum Cr.!orlde 

:Ammonium Thlo~y~nate, 
:Sulfurlc A~id. NaOH, 
:Dilsocro~yl Amine, 
:Tetrachloropropene & 
:Carbonyl Sulfide 

: Same eS Av.ade:·: BW ex~e:lt 

:trichlorpropene for the 
:tetrachloropropene 

:NaOH, Dlethyl AmIne, 
:Carbcn Disulfide ~ 
:Dichloroprocene 

:CalClum Chlorlde 

:Hycrcgen CyanIde, :Ca:cIum ChlorIde 
:Acroleln, Methyl 
:Mercaptan, Muriatic Acic,: 
:Pyridine & A~etic ACId 

--------- ------------------------- ------------------------- -------------------------: 12-Tetra :1,1,2,:
:13-Cc~trol: Tetrachlorc~ropene 

75 

7S 

:Soapano:: 
:CQ-Tolybiguanide) 

:S.antovar A 
: C2,5.D-Tertlary Amyl 

Quinone) 

:1,2,3-Trichloropropene, 
:Chlorine~ NaOH ~ 
:Sulfuri~ aCId 

: Mur at i c A~ i d , 
:Orthotoluidine, 
:Dicyandiamide, Sodium 
:Sulfite ~ NaOH 

:~ydroquinone, Tertiary 
:Amylalcohol, Sulfuric 
lAcid t Sodium Sulfite 

----- ------------------ ---- -------- --------------------7S lSantcwhlte Powder :Murati~ A~id, 8utryl-



Table 5 cont. 

-B~~ldi;g----------P~~d~~t~----------------R;~-~~t;~~;l;-------------I;t;~;;~~~t;~------

Number 
, ' , 

----------:(4:4;:B~tvld~n;r.:b~;:---;~ld;hyd;:-T;~t;~~y-B~tyl-'-------------------------' 
(6-tert-butyl-m-Cresol» lmeta Crescl ~ 

:Stoddarc Solvent , 
__________ -------------------______ 1 ______ ------------------- ________________________ _ 

£1-79 :Thlota:: - !'1ST :SCClum, Mercaptoben:o
:thia:ole. Texas Oil _S ~ 
:Muratic: AC:ld 

---------- ------------------------- ------------------------- -------------------------B-79 :Thiomor :Sodlum M8T. Chlorlne ~ 
: (:cen::::Jthu:cle D~sulHce) :NaOH , __________ 1 _______________________ .... ___ •• _______________________ _ _______________________ _ 

r-79 :~h:ot:.ce :Thlomcr. Texas Oil ~ 

: Sten c Ac: i d 
, 

, , 

---B:79---:EL-;0--------------------;MBT:-p;~;f~~~~1~;h;d;-&--:T;~d;~-------------------
:Urea 
, 

---------- -------------------------'-----------~------------- -------------------------B-79 IGuantal :Dichenyl Guanidine ~ 
:PhthallC: Anhydrlde 

----41----:MBT-(~;;cact;b;;:ol------:Moit;;-s~lf~;:-A~~l~~;-~-:Hyd~og;~-s~lf~~;---------
Thia:ole) :Car~cn Bisulfide :Sulfur Rec:overy 

, , 1'-__________________________________ ' _________________________________________________ _ 

41 
, 

__________ -------------------______ 1 ______ ------------------- ________________________ _ 

45 :Santccure (N-Cyc:lc
Hexylben:othla:o!e 
SuI f anami de) 

:Na MBT, Sulfuric: AC:ld, 
:Cyclohexamlne, 5c~ium 
:~ypoc:hlorlte ~ SodIum 
:Sulfi te , , _____________________ ~ _____________ -----------------___ --_--1 ______ -------------------' 

45 :Santocure NS (N-Tert- :Same as Santoc:ure exc:e~t 
Butylben:othla:ole ltertiary butyl amine is 
Sulfanamlde) :used for Cyc:lohexylamlne 

---------- ---------~--------------- ------------------------- -------------------------B-34 15antoflex DD (Dodecyl :Oedecyl Aniline, Ac:etone, 
1,2-Dinydro-2.2.4-Tri- lParatoluen@ Sulfonic: Ac:id 
methyl Quinoline) :Oow CornIng Antifcam A 

" I 
,______ 1- __ I ____________________________ __ 

: B-34---:S;;t~fl;;-Aw-C6-Eth;~y- :p;;;ph;~;t~di;;:-A~tone,l 
1.2-Dihydro-:.:,4-Tri- IToluene Sulfonic Ac:id ~ 
methyl Quinoline) :Oow Corning Antifoam A 

-------------------------~-------------------------:-------------------------B-34 :Santcflex 7S :Oiphenyl Paraphenylene :Blend 
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::able 5 cent. 

-B~~id~~Q-T--------P;;d~~~;---------T------R~~-M;t;;~al;-------------int;;;;o~~t;~------
Numtter-

, , 
___________________________________ -------------------______ 1 ______ -------------------, 

: Di aml ne " Santeof 1 e:: DD 
, , 

, 
____________________________________________________________ -------------------______ 1 

8-34 :Flectcl A :Anlllne, Acetone, Toluene: 
:5ulofcnl~ Acid ~ Dow 
:Cor-nlng Antlofoam A 

, 
____________________________________________________________ -------------------______ 1 

: 5antoo\.\ln :Santoflex AW :Punfy . , 
___________________________________ -------------------______ 1 ______ -------------------, 

Eo-:;" : Santo·fl e:: A-S5 :5an~ofleN AW ~ SantoCUln :B!enc 
:ReSldue 

---------- ------------------------- ------------------------- -------------------------
E-~4 :Santofle .. 50: A :Sa"tcfle~ A 85 ~ :B!en~ 

: Sant of 1 e:: 1 :: 

---------- ------------------------- ---_ .. -------------------- -------------------------E-7: :F!ectol H (!.:-D!hycro- :Fle~tol A, Mur-atic ACIC, 
::,:,4- trlmethy! :AQua AmmonIa, Yylene ~ 
:Quino~lne - polymer-l:ec) :SterlC A~ld 

:Fle~tol ODP (P,P' Dl
:tert-octyl-dl~~envl 

:Amlne) 

:Diphenyl AmIne, 
:D:'iso!:lutylene, Alumimur 
:Chlorloe ~ Muratlc A~lC 

---------- ------------------------- ------------------------- -------------------------
~'" -"" :Centr-al 

:SantoPOlt:: 5 

B-40 :M54~ 

: R~ 2BAA t, RT::'A 

9-40 :RT S:A 

: (All f:.nished produ~ts from Depts. 

:Isopropanel, Car-ben 
:BIsulflde, Flaked NaO~, 
:Ch!or-lne & Kerosene 

:Ditertamy~chenol ~ 

:Phos~~orus Pe"to~idE 

:Mi~ture of N-Octyl l 
:N-De~yl Alcohol L 
:PhoS~~Or-U5 Pentoxide 

:Ado: 80 (O~enol) & 
: Phosphor-us Pento); i de 

:Abltol ~ MalIC ACId :Malate 

---------- ------------------------- ------------------------- --------------------------B-40 :RD 18-5(1) :O~enel ~ Mallc 

: Santo: Ene CF' :Ker-osene, Dimer A~id, 
:Process Oi 1 ~ 
!Trlcresylphosphate 
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Table 5 con~. 

-B~~ld~ng-:--------F-;Oduct5---------:------Ra;-Mate;~a15------:------Int;;med~ates------
Num~r 

, 
---------- ------------------------- ------------------------- -------------------------' B-40 :St1ntolene e :~erosene. Olmer ACld, 

iF-rocess Oil t RT 53A 
iBlend 

• • I • 

-----------'-------------------______ 1 ______ --------------_____ , _________________________ 1 

B-40 15antolene ex 

B-4(J 

B-40 : Sar,~o! u:Je iliA 

: Oi mer Aci d ~. ~,.erosene 

:Dimer ACId, Kerosene, 
IPrccess Oil & T.C.P. 

:Blenc 

:Sen;ene, Dibutyl-p-cresol :Reactlon 
:Process Oil, Oleic ACld, 
:Trlethyl-tert-amlne & 
:Tetrapropenyl-succlnlc 
:Anhynde 

:Santolube 70 ~ 
:Santolene C 
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Table 6 
.. 2~4tS.-TCP and 2.4.S-r Acid BuildiDg 

lluabera ADd Start aDd EDd Dates 
~D"Dto CompaDY 

Witro, Veat VirgiDia 

--------------------------------------------------------------:Building I Production : Start End 
: Number Product Date Date 
: . : ------ ----------------------- ------ -----32 : Na 2,4,5-TCP I 2,4,5-r acid :Ol-Apr-48 130-Sep-48 : 

(pilot plant) 

34 2,4,5-T ac:id I01-0ct-48 131-Jul-63 : 

N.? 2,4,5-TCF' IO]-Oct-48 !30-Jun-50 

Na 2,4,5-TCt=· :Ol-Jul-50 13!-Jul-63 I 

9:: : Na 2,4,S-TCP I 2,4,5-T acid IOl-Aug-63 r31-Aug-69 : 

N~ 2,4,S-TC~ = sodium 2,4,5-trichlorop~enate 
2,4,5-T acid = 2,4,S-trichlorophenoxyac:etic: acid 
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Table 7 
Production Capacities and Level. for 

2.4.S-T Acid and Na 2.4.5.-TCP Production Process 
Monsanto Company 

Nitro. West Virginia 

------------------------------------------------------------------------------------------:ate °roou~t :Proouctlon Caoaclty':Number cf: Date :=roouctlon Level " 
(:)ound per monthl Wor~:ers (~ound ::!er month) 

Jc"t-46 :5! (n)1) 

---------- --------------- -------------------- ---------Jun-49 :,4,5-; aCld 5(),I)(IO 1(1 

Feb-58 :,4,5-T aCld :00, (I()(I 10 

.]an-61 :.4.5-T aCl c: : 30. ,)(11) 16 May-61 : 14. ~()t) 
Jan-61 : • .l,5-T aCld ! 01) ! ,)(10 ~4 

.:'ar.-61 :,4.5-T aCid : ~ (1, (J(Je) 1(1 :-<ay-o: :49,4:;0 , 
----------'--------------- --------------______ ' ______ ---' ,---------- --------------------:,4,5-7 3C10 

----______ 1 ______ ---------'-------------------- ________ _ 

Jan-65 : :,',5-: aC1C 16 

. . 

, , , 

Jan-6::: 
Mar-o::: 

Oct-67 

Oct-68 

:5::,744 
::76,5:l 

658.995 

---------- --------------- -------------------- --------- ---------- --------------------~an-54 : ~a :,4,5-~CP ::Sl!Ioot) :3 

Hor-58 
~or-58 

Jan-e.i) 
.J an-cO 

:lJa :.4,5-TCP 
~Ja :.4,5-"'CP 

:-Ja :.4,5-TCP 
"Ja :,4,5-TCP 

:60.0(1(1 
1 7(l, C)IXI 

:4(1,1)(I() 

157,0(10 

8 
6 

8 
6 

:.4.5-T acid; 2,4,5-trichloroohenoxyacetic acid 
Na :,4,5-TCP = sodlum 2,4,S-trichlorechenate 
~ ; oreduction level not provlded 
* ; data from S.M.P. 
** ; data orovlded ~y company 
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Table 8 
Na 2,4,5,-TCP Process Equipment 

Building 51 
Mon6anto Company 

Nitro, We6t Virginia 
1958, 1960, 1962 

, ' , ' --------- --------- --------- --------- ---------------------------------------- ---------:Na 2,4,5-: 
• Tep 

Sl 1958 
1 :12,000 gal. TCB storage tank 
1 :10,000 gal. MeOH stor5ge tank 
1 :800 gal. TeB melt tank 
1 :2.500 gal. autoclave reactor 
1 :2,000 gal. MeOH still 
2 :6' x 7'6" MeOH receivers 
1 :5' x 6' MeOH weak cut receiver 
1 :10,000 gal. ~ettling tank 

, , 

, ' 

1 
2 

.j 

--------- --------- --------- ---------,----------------------------------------!---------iNa 2,4,5-: 51 196(1 
Tep :12,000 gal. TCB storage tank 

1 :10,000 gal. MeOH storsge tank 
1 :800 gal. TCB melt tank 
1 :2,500 gal. autoclave reactor 
1 :2,000 gal. MeOH still 
2 :6' x 7'6- MeOH receiver5 

:5' x 6' MeOH ~ak cut receiver 
:10,000 gal. settling tank , 

___________________________ ---______ 1 ______ ----------------------------------

:Na 2,4,5-: 51 1962 
Tep 1 11:,000 gal. TCE stor~ge tank 

1 :10,000 gal. MeOH storsge tank 
1 :800 gal. TeB melt tank 
1 :2,500 gal. ~utoclave reactor 
1 : :::,000 gd. MeOH sti 11 
2 :6' x 7'0" P1eOH receivers 
1 :5' x 6' MeOH weak cut receiver 
1 :10,000 gal. settling tank . , 

2 

3 

"T ' ~, , 

--------- --------- --------- ---______ I ______ ----------~-----------------______ I __ - _____ _ 

Na 2,4,5-TCP Process ~teps 

1. Autoclave reactor 
2. I'\eOH sti 11 
3. Na 2,4,5-TCP ~ettling tank 
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Table 9 
Time Cycles for Na 2,4,S,-TCP Process 

Building 51 
Monsanto Company 

Nitro, West Virginia 

N. 2,4,5-TCP Tim~ Cycle 1958, 1960 & 1962 Bldg. 51 

-----------------------------------------------------------------Unit :No. of Unit: CycleiUnit CaPAcity 
(hours) (lbs/hour) 

-------------------- ------------ --------------- ---------------AutoclAve 15.50 372 
St i 11 9. 00 M 1 

Cycles in Detail 

Autoclave 

Load 
Heat up 
Feed TCB 

Hold period 
Cool 

Transfer 

1. 00 hr. 
2.75 hrs. 
4.50 hrs. 
3.50 hrs. 
2.25 hrs 
1.50 hrs. 

15.50 hrs. 

Still 

LOAd 
Distill 
Adjust 

Transfer 

Na 2,4,5-TCP = SQdium 2,4,,5-tnchlor'ophenate 

- 74 -

1. 50 hr. 
6.75I"\rs. 
0.25 hr. 
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Table 10 
2,4.5-T Acid Proee8s Equipment 

Bulldil1g 34 
Konsan:o Company 

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

Step 
I • I I I 
I • • I I --------- --------- --------- --------- ----------------------_._--- ------- ---------2,4,~-T 34 1948 

oIci d 1 11,200 g&1. cand.msati on reador 1 

--------- --------- ---------2,4,5-T 34 1949 
aCld 

2.4,5-T 34 1953 
aCld 

1 142" Fletcher centrifuge 2 
1 1700 gal. Tep recovery tank 8 
1 I1S" $hri ver f i Iter pre!ss 2A 
1 :~OO 9a1. acidification tank 4 

13' x 6' fitle, box 5 
1 1 tray dryer ~\ 

1 lType F Oyratory Sifting Machine 7 
1 Irecovered alcohol storage tank 
1 Icentrifuge filtrate storage tank 2B 
1 lN~ 2,4,5-T storage tank :C 

I Dryers 6 
IS' x 6' alconol receiver 

1 130" x 36" alcohol receiver 
1 16'0· x S' dis~olver 2A 
1 16' x 6'7N dissolver storage tank 2E 
1 :0' x 6' wringer storage tank 2C 
1 :6' x 3' x 3' Noeden filter box :0 
1 :5' x 6'6" wringer filtrate storage tank ~E 

11,200 gal. condensation reactor 1 
1 :500 g.1 acidifler 4 

Imicro-pulverizer 7 
:48" Tolhurst centrifuge ~ 
:3'3" x 10' TCP rec!:Ivery tank 8 

1 :10,000 9~1. 5~ttling tank INa 2,4,~-TCP): 
1 :50,000 gal. Na 2,4,5-TCP storage t~nk 

:500 gal. Na 2,4,5-TCP weigh tAn~: 
3 11,200 VAl. condensAtiDn reactors 
1 :500 gal. NaHCA preparation tAnk 
'I 11,000 val. crude Na 2,4 ,5-T storage hnk 
1 :48" Tolhurst centrifuge (N. 2,4,5-T) 
1 :48" FIRtcher c:entrifu;e (Na 2,4,5-Tl 
1 :R~dler conveyor 
1 11,700 gal dissolver 
1 Ifiltrate 6tora;e tank 
1 :caustic w.sh water storage tank 
1 :2,000 oal. Na 2,4,5-T starave tank 
3 lAlliop fi.lter 
2 :500 ~rl,. aCidification tanks 
1 :48" F1~~cher ~RntriTu;e (2,4,5-T acid) 
1 : Redl er ConvRYor to dryer hopper 
1 ISt,rave HOpper (wet 2.4,~-T acid} 

_ 'I 

2 
2 

2A 
;) 

2£1 
2C 
:SA 
313 

4 
5 
5 

6A 



Table 10 cont. 

lP~OC;;;--:~drng-:--V;;~---:-Q~;nitY-:--------IEQui~;;nt-Descrrptron----------:-Pro~;;;-: 
~ Step 
t • , I • 
, I I I , --:--------- ---------,-------i-:lO:-rQt;rv-d~y;~------------------------ ----6----

34 1958 

1 lcyclone .~a~.tor ~B 

1 ldust b.~ coll.~tor be 
1 'rotex .. i tn S .'11'1 lIere'en 7A 
1 1,000 gal. Recovered TCP stor.ge tank SA 
1 1,000 gal. TCP recDve~y tank 8 
1 Rota-Clone ventilation system 

8,000 g&l. MeA storeOf! tank 
1 50,000 gal. Na 2,4,S-TCP storage tank 
1 :200 0011. MeA weigh tank 
1 :500 gal. MCA n@utralizer tank 
2 :3'0" x 4' NaMCA feed tank 
1 :4' x '4' Not 2,4,S-TCF' weigh tank 
3 :1,200 g.l. conden6~tion ~eactor 
116' x 6'6" Slurry storage ,tank 
2 148" Fletcher centrifu;e (N~ 2,4,5-T) 
1 :2'0" x :S':!:" c .. ulitic ...... 1'1 tank 

13' x 6' salt filtrate ~eceiver 
2 :200 gal. crude Not 2,4,5-T 51ur~y tank 
1 16'6" I( S' Na 2,4,5-T .. lu~ry storotge tan~ : 
2 1500 gal. acidifier 

:3' x 5'6" )( 4' filtrotte settling box 
:2' x 4' sulfuric acid weigh tank 
148" Fletcher centrifuge 
:5" wet 2,4,5-T a!::id Redler conveyor 
:3'6" x 6' dryer feed hopper 
12-1/2 x 20' Hersey rot .. ry dryer 

1 IOracco dust collector 1750 RMP, 1/2 HP 
1 IS" dry 2,4,5-T acid Redler conveyor 
1 1*11 Rotex sc~eener 
1 :6' x 6' salt filtr .. te storage tank 
1 \S'6" x 6' recov~.d TCP reacto!" 
1 IReto-clene iume scrubber 1750 RPM, 15 HP: 

lA 
2 

2A 
2£1 

3 
3A 

4 
4A 
4£1 

5 
SA 
6A 

I:> 
68 
7A 
7B 
2C 

B 

, ' _________ _ ________ I ______________________________________ 1 ____ .... __ _ 

2,4,5-T 34 1962 . . 
.. cid 1 IS,Ooo ;al. ~A storage t .. nk 

1 150,000 Qal. N .. 2,4,5-TCP storage tank 
1 1200 g .. l. MeA weigh t .. nk 
1 1500 gal. MeA neutralizer tank 
2 :3'6- K 4' N .. MCA feed t .. nk 
1 :4' x'4' Ne 2,4,5-TCP weigh tank 
3 :1,200 gal. c~ndensation r.actor 1 
1 17' K S' slurry stor .. ge tank lA 
2 148M Fletcher centrifu;e (Ne 2,4,5-T) 2 
1 :2'6" x 3'3" caustic w .. sn tank 2A 
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Table 10 cent. 

Step 
• I I • I I ___ I I I , I I 

--------- --------- -------I-:3~-;-;~-;~rt-~ilt~at;-~;C;i;;~---------- ---2B----
2 :200 gal. crude Na 2,4,5-T slurry tan~ 3 
1 16'6" x 8' Na 2,4,5-T 5lur~y storage tank: 3A 
2 :~OO gal. acidifie~ 4 
1 :3' Ie S'6" Ie 4' filtrate settling box 4A 
1 :2' Ie 4' sulfuric acid ~eiQh tank 49 
1 148" Fletcher cent~Huge 5 
1 :S" ",et 2,4,S-T .cid Redler conveyor SA 
1 13'6" x 6' dryer fHd hopper bPI 
1 :2-1/2 x 20' He~sey rotary dryer 6 
1 IDracco dU5t collector 1750 RMF, 1/2 HP 68 
1 :S" dry 2,4,5-T aCld Redler conveyor 7A 
1 :111 Rotex 5creen~r 79 
1 :6' x 6' salt filtrite storage tank 2C 
1 : S' 6" x 6' recovered Tep reactor 8 

:Roto-clone fume scrubber 1750 RPM, 15 HP: . . . . --------- --------- --------- --------- ---------------------------------------- ---------

2,4,-T acid Process Steps 

1. condensatIon reactor 
2. Na 2,4,S-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 aCld packaging 
8. Tep recovery 
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Table 11 

Changes in 2,4.5-T Acid \{anufactllre Which Affected Worker Exposure 

Monsanto Company 

~itro. West Virginia 

Initial Production - Oct. 1948 - ~arch 1949 

Na 2,4.5-TCP in Bldg 41. Methanol recovery and 2.4,5-T acid in B+dg 43. 

Exposures 

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

2. Drum handling sodium monochloroacetate (NaMCA). drum melting and handling 

1,2,4.5-tetrachlorobenzene (TCB). 

3. Opening HeOH still for pH checks and samples (dipped). 

4. Clarification filtration Na 2,4,5-TCP; cleaning and changing filter cloths. 

5. Inspection of MeOH still inner , .. all for caking. each batch. Clean if 

needed. 

6. Opening condensation reactor to check slurry thinkness and after each 

batch cleaning cake off the sides of the reactor if needed. 

7. Opening condensation re~rtnr for dip pH checks and dip lab samples. 

8. Opening Na 2,4,5-T centrifuge to check loading. shoveling cake out into 

transfer boxes, cleaning basket and changing cloths. 

9. Sampling Na 2,4.5-T centrifuge filtrate for solids. 

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

11. Na 2.4.5-T decolorizing filtration to acidifier - changing cloths. 

12. Acidifier opened for pH and sample dips and level measurements. 
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:'a b1e 11 con t . 

13. 2,4,5-~ acid pan filter opened, smoothed, ~ashed and shoveled out cake. 

14. Change1 pan filter cloth. 

15. Drying conducted in about four locations. ~ldg.s 16, 21, 34, 46, and 79. 

~Bing tray dryer steps were: (1) scooping wet 2,4,5-! acid o~to 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 mill and; (6) packing out 

containers (Bldg. 34). 

16. !Uping off containers, sweeping up area for 2,4,5-! rework. 

17. Screening sweepings, then dissolving in 251. NaOH for rework. 

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

sampling. 

19. Drumming off recovered 2,4,5-TCP. 

20. Sewering of any filtrates, Washes, washdown and steam off of area 

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

~arch 8, 1949 ~sstve 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 Opera'ting Process change eliminated filtration of Na 2,4, 5-l'CP in B-34 
and lROved it to B-51. 



Table 11 cont. 

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

flake NaOR was added. 

Fall/52 Shut down Blrtg. 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 frc~ 32 to 

approximately 23 workers. 

Exposures Eliminated (see above for description) 

A. TeE drum melting & handling (Elim. 2) 

B. nne filtration of Na 2,4,5-TCP (Eli~. 4) 

C. ~a MeA in drums (tlim. 2) 

D. Inspection of MeDH still for residue per each cycle (E1im. 5) 

~. Inspection of condensation reactor for slurry thickness (tlim. 6) 

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

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

H. Open box filter operation (F.lim. 13 & 14) 

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

J. Handling of 2,4,5-T to and from drier 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 Eguipment Bldg. 34 

TCB storage tank and pump 

NaMCA feed tanks (2) 
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HeOH storage tank and pump 

~a 2,4,S-TCP weigh tank 

~aOH dissolver and pump 

MCA neutralizer and pump 

Table 11 cont. 

Complete HeOH distillation system, tanks and pumps 

Slurry storage tank 

~issolver storage tank 

Three condensation reactors 

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

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

Tolhurst Centrifuge (~anual dig) (above discharge Na 2,4,S-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 

\~et 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,S-TCP recovery tank 

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

Rota-clone dust control system 

Fan on Rotex vent hood and on drier feed hopper 

Fan on Tolhurst Centrifuge and Alsop filter hood 

Old Exposures Continuing 

1-3-7-8-9-11-12-16-18-20 

- 81 -



:'a ble 11 cont. 

~ew Exposures Added as a Result of Equipment Additions 

21. Stick measurement of TCB melt tank, weighing and charging flake 

NaOH to caustic dissolver. 

22. ~anua1 charge MCA & Na2C03 to MCA neutralizer 

23. pH check of MeA neutralizer 

24. Punch Na 2,4.S-T cake from hopper into Redler Conveyor from bottom 

discharge. Fletcher Centrifuge and manual cut down of cake. 

25. ?unch 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,S-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. l1.ework oversize from sifter; Check weighing on packout scales. 

January 1953 - August 19ry3 

4/53 2,4,5-T Acid Process Description modified NaOH/MeOH ratio, designed to 

minimize chloracnegen formation, following Mellon's identification of 

2,4,S-trichloroanisole (2,4,5-TCA) as a chloracnegen 

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

4/55 Completed arch breaker in wet 2,4,S-T acid drier feed hopper. (~inimized 

expoure 29) 

8/56 In&talled larger exhaust fan in roof of reactor room. 

8/S6 Acidification carried out 2a D C higher at 90 0 e (increased exposure 12) 

7/S7 Acidification temperature dropped back to 7ao e (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, minimizint 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 MeA from Krummrich plant; Sauget, Illinois 

10/57 257. NaOH used in preparation of Na MCA, eliminated Na2C03 (exposure 23) 

11/57 ~a 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 resistant fume ducts installed Bldg. 34. At this point there 

was no longer filtratic,n between dissolver and acidification. 

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

increase). 

2/58 Feed screw to dissolver improved 

2/58 ~ew 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 Bc-ubber also tied to MCA neutralizer. 

10/59 BOgC wash water on centrifuge to improve washing. 

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

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

2,4,S-T Redler Conveyors eliminated). 
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4/60 pH measure and ~ontrol installed on one condensation rea~tor (q3 unit), 

allowed closed kettle operation. 

5!?0 Polishing filter put on acid centrifuge filtrate (increased exposure; 

due to need for ~lean1Dg). 

6/60 Na 2,4,5-TCP began to be pumped from weighing tank rat~~r than by 

blowing (minimized venting). 

7/60 Began re~eiving 72% NaOH solution rather than flake. 

7/60 nra~co dust collector put on drier feed hopper and packout system 

(~inimized exposure). 

1/61 Continuous'system - 2,4,5-TCP recovery from Na 2,4,5-T filtrate 

(minimized exposure). 

1/61 Fume ~ollector Bldg. 14 tied into acidifier and 2,4,5-T ~entrlfuge. 

1/61 Drac~o collector replaced with (Corden) corrosion resistant unit for 

drier. 

2/61 pH meter on Na MCA reactor allowed closed, direct neutralization of ~CA. 

1961 Installed new hot water spray nozzles to improve 2,4,5-T centrifuge 

washing. 

9/61 Began continuous neutralization of MCA dire~tly in the condensation 

reactor. 

1/62 

1/62 

2/62 

4/62 

Dry p:oduct handling revisions completed. 

Test on Eimco Belt Filter successful. 

Experimental Eimco ~elt Filter placed on order. 

Installed new drier feed hopper with vibratory feeder (decreased dust 

exposure) 

- 84 -



4/62 

4/62 

4/62 

4/62 

Table 11 cont. 

Dry product blender installed (decreased dust exposure). 

Sweco screener replaced Rotex (decreased dust exposure). 

Improved bagger added (decreased dust exposure). 

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-Tj new unit 

retained in service (eliminated high exposures during centrifuge operations). 

6/62 Hot water heaters operating on all condensation rea~tors (minimized 

opening). 

2/63 Fume removal hood and blower put on Dorr Oliver pan filter (minimized 

exposure). 

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

maintenance exposure). 

August 1963 - August 1969 

New Plant - Na 2,4,S-TCP and 2,4,S-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 autoclaves. not automatic. 

Semi-continuous operations; Na 2.4.5-T filtration, acidification of 2.4,S-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 

_ pr; _ 



Table 11 cont. 

Two Venturi scrubbers used to backup filter and solid settler on Eimco 

Packaging ,n day 9hift only 

Late/63 Second dust collector put on rotary dryer. 

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

reactors 

8/64 Complete vacuum drop indicator accroas dust collector. 

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

1/64 Auto cutoff water meters installed to prevent overfills. 

lO/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 c1eanouts easier, less boil outs). 

1/65 Auto water level valve & dip probe on dilution of Na 2,4,5-TCP in MeOR 

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). 

6/65 A new, larger & more effective settler installed for 2,4,S-TCP recovery 

(minimized operator & maintenance exposure). 

2/66 Surge 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 ~CA miT.er (eliminated overflowing -

minimized exposure). 

8/66 Cleaned Venturi fume scrubber duets and rerouted pan filter wash and 

filtrate outside building (minimized operator exposure). 
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11/66 Replaced 02 primary dust collector with a larger unit. 

7/67 Added automatic batch hold cycle timers on the two Na 2,4,5-TCP 

autoclaves to minimize hold period after rCB addl~ion (minimized exposure). 

12/67 Weigh tanks and pumps for ~eOH and 72% NaOR to add RHs under pressure 

~ed cycle time and significant reduction in Mid!68 of 2,3,7,8 -TCOD In Na 

L, ,..;-TCP). 

10/68 Temperature control put on one of the Na 2.4,S-TCP autoclave (minimized 

2,3,78-TCDO). 

11/68 Agitator installed in Na 2.4,S-TCP weigh tank to prevent crystal 

deposition. 

l2/68 Better h~t water system to eliminate wash nozzle plugging and to 

lengthen filter cloth life (minimized operator and malnteance exposures). 

11/68 GL chromatograph methorls iS9ued for: 

2,3,7,8-TCDl) 

2,4,5-TCA 

TeB in Na 2,4,5-TCP or recovered 2,4,5-TCP 

1/69 u.s. Government ended contract. 
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Table 12 
Jo~ Title. aDd m..cript1on for 

2.4.5-T £Ci. ADd .. 2.4.5.-TCP ProductioD Proc •• e 
IIoIlMDto CoapaDY 

.1 tro. Vaat Vlqin1a 

Job Title . , ------ ---------------,-----------, :Helper, 1.t , 2nd CI... IOperated centrifu;al., '·ying , 1948 
:packaging 

-~-- ---------32 : Operator ------------------ --------~-leperated 4utoclave, "-OH atill, 
:r.actor ~ 2,4,5-TCP recovery 

1948 

32 :~roduction Utility 1948 

--------- ------------------------- ----------------------------------- ---------------34 :H.lp.r, 1st & 2nd Class Operated Na 2,4,5-T centrifugal, 
acidification, 2,4,5-T centrifugal, 
drying & pack~ginQ 

1948 - 1963 

----- ------------------ -------------------- ---------------34 :Op.rator Assisted the Head Operator' 
operated Na 2,4,5-T c.ntrifug~l 

1948 - 1963 

---- -------------------- ---------------------- -------------34 :He~d Operator :Operated reactors and 2,4,5-TCP : ' 1948 - 1963 
:recovery system, some ti~. spent 
:preparing sodiUM .onochloracetate 

, • I I 
, I I I 

~----:p~~d~cti~~-Utility_-----:R.rr;~;d-H;id-OP;r;~:_operato~-:--iq48-:-1q63--
, lHelpers 

,----- ------------------- ------------- - --., 0' ,. 
' ____ . -------------------_. -----------------------, ------------, 

41 IAssisted and relievRd Operator 1948 - 1950 
I ----_., ---------------- ------------- --------- -----------41 :Oper&tor :Oper.ted autoclave and .. tnanol 1948 - 1950 

:still 

----- ----------- ----------41 :He~d Operator levier"'" Na 2,4,5-TCP prOCH Ii and 1948 - 1950 
:relieved Operator 

-------- ------------------ ----------_. 
41 I Production Uti Ii ty IRelievRd Operator' tWlper 1948 - 1950 

--~--- ---------_-------_---'--------------------------~,----_'---_----_--: :51 I HIt 1 per , 1.t Class IAssisted an~ r.lieved Operator : 1948 - 1950 I 
I 

:51 : Operator IOperate .autoclave and _thanD~r-1-9-4-8-----i9S0--
I ,.till , 

31 '''ad Operator 
r t 

~~~-~-----IDvr ..... Na 2,4,S-fCP proc ... -'" '-i-9-4S---1950 
IreU.ve Opr.tor , ________________________________ , 1--------------

__ ~-- = ________________________ r~---------~----~----------- ________ ._.~ __ . __ 
92 ISup.,.visor ..... responaibl. for Ildg. 92 1963 - i969 

lapratil:lns 
________ ---------------------_1----------_-------------------- _______________ _ 



~able: 12 aJDt_ 

IBuilding ---JOb-fitr;--'---- Job DHcripti-cx-'------e' Hecti'v-e---
Nullber Ye.,rs ----- -- ' _______ _ 

f~s r .. 9on~ible far production in I 1963 - 1969 
IBldg_ 92 , , 

----,------------,----- ---------- ----------
92 lHead Operator : Ct)Ol"'ci natttt.1 IICti vi ti.s in Bldg. 92 

I"rld MOrl<ed vaeatiorl relief 

--- --------------------- .. _--_._-----_._------
92 I Operilter lap ... ,-.. ted &utochVIlEi Ii _thanel still: 

92 :Helpers 

::,,'4~S-TCP IrlM:over-y It ,..actors 

lOperat.ed hltrAticrl JPquip.ent, 
ldrying " p"ck.fjlirlC~ ,~"I\chines 

1963 - 1969 

1963 - 1969 

1963 - 1969 

------ --------------------- ----_._------_._------- -------
92 IProduction Utility IRelieved Operators Arid Helpec-l!. 

2,4,S-TCP R 2,4,S-trichlorophenol 
Na 2,4,5-TCP c sodiu~ 2,4,S-trichlorophenAte 
2,4,5-T Acid = 2,4,S-trichlorophenoxyacetic acid 
Na 2,4,S-T = sodium 2,4,5-trichlorophenexyacetate 
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Table 13 
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 

Reactor 
Na Salt Centrifuge 

Dlssolve:-
Acidifier 

Acid Centrifuge 
Dry'er 

iNo. ot Uni t 

3 
2 

.., 

Cycle/Uni t 
(hours) 

6.00 
1.50 
1.50 
1.50 
1.~,8 

conti nuous 

2,4,5-T Acid Time Cycles 1962 B:dg. 34 

Unlt : No. of Um t Cvcle/Uni t 
(,"lours) 

Capacity 
(It:.slhO'_tri 

4(1':: 
40(, 
400 
400 
:,4 -
417 

C"'P~,c 1 t Y 

(lbS/~OLI."'S \ 

-------------------- ------------ --------------- ---------------
Reactor 

Na Salt Centrif~ge 
AClclfler 

Acid Certnfuge 
Dryer 

, 
2 
::: 

5.50 
1. SO 
1.30 
1.30 

2,t;,5-T Acid 2,4,5-trichlorophenoxyacetic aCld 
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Table 14 
Na 2,4,5,-TCP/2,4,5-T Acid Process Equipment 

Building 92 
Monsanto Company 

Nitro, West Virginia 
1966 

_________ e_ ______________________________________________________________________________ _ 

lPraeess :Buildlng: YeAr : Quanlty EquIpment DescrIption _ Process 

, 
;N~-2:4,5::---92---- --1966--- --------- ----------------------------------------
lTCP/2.4,5: 1 :Ruggles ~ Coles Rotary Dryer 
:-T ~cld 1 :6' x 6' Recover Alcohol Receiver .1 

1 :Na 2,4,S-TCP .ettling tank 
2 :7' x 16'6" AutoclAve reActor 
2 :7' x 7' MeOH still 

: 108" x 25' TeE ston\ge tAnk 
1 :50,0009al. Na 2,4,5-TCP stcr4ge t.n~ 
1 :10,000 gal. 72% NaOH storage t~nk 

:12,000 gal. TCe storage tank 
:eoo gal. TCB feed tank 
:470 gal. Na 2,4,S-TCP welgh t~nk 

2 :7' x 7' condensation reactor 
2 :3,000 gal.Na 2,4,5-T filter feed tan~ 

:2,000 gal. filtrate hold tank 
:Dryer feed hopper 

1 :Haveg p~n filter receiver 
1 :Ei~co vacuum receiver 
2 :10'6" x 12' reActor surge tank 
1 : Ei mco fi Iter 
1 :Eimco vacuum receiver 
1 :Haveg prlmary settling tank 
1 :2,000 'gal. acidi-fier 
1 :Pan filter 
1 :Multi-baQ Dracco iilter 
1 :Eimco filter 
1 :Mikro dust collector 
1 :Bagger fe~ hopper 
1 :Horizontal bl~nder 
1 :S ~ K H~veg fume 5crubber 
1 :Sweco sep.r~tor 
1 :Dustex dust collector 
1 :St. Regis packer 
1 :Vibr~x drum packer 
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Step 

15 

1 
2 

4 

6 
8 

14 
13 
1(1 

7 
9 

11 
1: 

17 
18 

16 
2: 
19 
20 



Na 2~4,5-ToP/2.4,S-T ~cid Process Steps 

1. AutoclAve ~.Action 
2. f1eOH rltCovery 
3. N. 2,4,5-TCP settling 
4. Na 2,4,5-TCP storage tan~ 
5. Na 2,4,5-TCP weigh tank 
6. Conden5atian reactor 
7. ReActor surge t.n~ 
B. Filter ~eed tAnk 
9. Eimco Na 2,4,5-T belt filter 
10. Na 2,4,5-T slurry tank 
11. Acidification reactor 
12. :,4,5-T aCld pan filter 
13. Haveg vacuum recelver 
14. Dryer feed surge hopper 
15. Rotary dryer 
16. S~eco screener 
17. Product hopper 
18. Ribbon blender 
19. Bag packaging station 
20. Drum packagIng station 
21. PrImary dust collector 
22. Back-up dust collector 

Table 14 cont. 
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Table 15 
Ttae Cycles for Ha 2.~.5.-TCP/2.4.S-T Acid Processes 

Building 92 
MOIl.anto Cocapany 

!lltro. West Virginia 

Na 2.4,5-TCP/ 2,4.5-T Acid Time Cycle 1966 Bldg. 92 

Unit 

Autoclave 
Sti 11 

Reactor 

:No. of Unit I Cycle/Unit 
(hours) 

2 
1 
2 

13.50 
7.00 
4.00 

Capacity 
Clbs/hour) 

827 
770 
852 

Filtration and acidification are considered to have 900 Ibs/hr. 
capacity continuous o~eration. 

Cycles in Detail 

Autoclave 

Load 
Heat up 
Feed TeB 

Hold period 
Cool 

Transfer 

Reactor 

Load 
Adjust pH 

MeA feed 
Held period 
Adjust pH 
Pum~ out 

1.00 hr. 
2.50 hrs. 
4.00 hrs. 
3.50 hrs. 
1.50 hrs. 
1. 00 hrs. 

13.50 hrs. 

0.25 hr. 
0.25 hr. 
1.00 hr. 
1.50 hrs. 
0.25 hr. 
0.75 hr. 

4.00 hrs. 

Sti 11 

Load 
Disti 11 

Pump out 

Na 2,4,S-TCP z sodiu~ 2,4,S-trichlorophenate 
2,4,5-T Acid c 2,4,S-trichlorcphenoxyacetic Acid 
TCB c l,2,4,S-tetrachlorobenzene 
~A c oonochloro.cetic acid 
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Table 16 
Concentrationa of Organic Chloride and 

Methyl .\lcohol in Building 51 
Monsanto Company 

Nitro, West Virginia 
April 14, 1953 

--------------------------------------

:Cantrol roolll 

Sample De5~rlption. Organic 
Chloride 

(pPI!) 

"-thyl 
Alcohol 

(PPII) 

,------------------ ----- -------18.1 : 1.06 : 

--------------------------------------------- ------------ ------------IAt still 'adding water) <0.10 : <0.04 : 

IAt:Fi~whrI;~it;;~------------------ --------4.5-1------ZO~02-1 
! 

:Cf;;nrng-Frrte;-P;;;;---------------·---------i-------3~7e-:------------

Org~nic Chloride R vapor~ of halogenated hydrocarbons w~r. collected by 
passing the air throu~h 95% ethyl .lcohol in gas abso~pticn 
bottles provided with sintered glas5 dispersers. 
Portions of the .lcohol were burned, the combustion produ~t5 
tr~pped, and the chloride analy:ed following preCipitation 
of the chloride by silver nitrate solution. 

~ethyl Alcohol E V.pO~5 of ~ethyl alcohol wer. collected with WAter in _ 
in a g~s wa5h bottle. For.aldehyde was produced and e5timated 
in terms of inten&ity of the violet color it produced 
~ith chromotropic acid. 

ppm E pa~ts analyte per million parts of air 

---- R no s.~ple taken 

t = Samples were collected anc analyzed by investigator& from the 
Kettering Laboratory in the Department of Preventive Medicine and Industrlal 
Health, Cole~e of Medicine, University of Cincinnati~ Cincinnati, Ohio 

G' 



J.d.L>..a..c;: .a. I 

Concentrations of Organic Chloride 1n Building 34 
Monsanto Company 

Nitro, West Virginia 
April 14, 1953 and January 10. 1956 

-------SAaple DescrIption' --orQi;;r-c --:-arQiriiC--
Chloride Chtoride 

(ppm) (ppm) 
(4/14/53) CI/10/56) 

0.42 O.CHO : 

--------._--------------- ------------ -
lCorn@r of first level under rcp recovery 1.09 : 

reactor . , , ~ _________ ' - ______ 1 ____________ 1 

IOn recovered TCP reactor platform while 1.26 : 
loading reactor - ~anhole open 

:whir;-r~;di~g-C;;t;~;~o;-i3----------------- -------O~41-:------0~81-: 

------------- -------------------------- ------------ ------------lOver settling tank ~hile loading Centrifuge O.4~ : 
13 

:~~~idifier platform~-Acidifie;-ir-:--- ------O~681:-------0:63-: 
Manhole open 

:o;-r;;ctor platf;;;-;hii;-~ding reactor ,-- -------O~~O- ------:2~25-
testinQ pH 0.82 : 

5.60 : 

------------------------------------ ---------- ------------IGeneral ~ir in reactor room near Alsop filter: 0.59 : 0.S7 : , , . , . , --------------- --------- --------:In inlet duct (elbow) to Rotoclone 7.5 : , . • --------______ 1 ___ --__ ----- ____________ • 

:In Qutlet duct from Rcto~lone 4.7 : , , , , ________ I _______ I 

:General air of drying room <0.10 

Or~anic Chloride at v.apors Qf hdDg~at~d hydroc.arbons satnpled by decOllpQsing 
the v.apor in .. Nilson furn~ce and trapping the liberated 
chlorine. hydrochloric acid in 0.1 N NaOH solution. 
The NaOH solution .6. analyzed by .. turbidim~tric 
prQcedure fQllowing preciptatien of th~ Chlorine by 
silver nitrate solution. 

pp. • parts organic chloride per ail lien parts of air 

- ,~ no s.-ple tak.,-. 

• at S.lIPles ...-re coUectltd And analyzRd by in~.tiQ.tor. fro. the 
KetterinQ Laboratory in the o.part .. nt of Preventive K.dicine and IndustriAl 
Haalth, Cal~. of ~icine, University of Cincinnati. Cincinnati. Ohio 
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LC1U.1:;::. J"V 

Coneentrat1oua of 2.4,5-T Acid Dusts in Building 34 
Mon.anto Caapany 

Nitro, West Virginia 
April 14, 1953 and January 10. 1956 

-------------S;~i;-C;;~ripti~i--------------~:4:S=T------2:4,5~--
Acid Acid 

(1IQ/P13l (-9/1'13) 
(./l./~3l (1/10/56) 

1.38 2.57 : 
0.93 

----------- ----------------------. --------:At the ieed hopper on top of dryer 0.71 0.35 : 
2.00 

------------- -------------_. --_._-- -------
:N.ar stalrw.y to acidifi~r platform 0.20 : 

I --- -- ------,------:Whil;-~nl;;din9 C;;t;ri~;-~----- 0.76 : 
I 
I 

:6~-pi~~t-p;;;r;;;~-rOO-ft~-d;;;:i;d-f;;;----- ------------ 0.07 : 
Buildin9 34 

I 

~-----------------------------_------_-------I_----_--_---
2,4,5-T ACld ~ Du~t s.mple~ were collected by .. ans of a larQe volume 

campIer fitted with filter p&per (4/14/53) or 91as5 fiber 
filters. Th~ filterm were desorbed with alcohol and the 
chloride determined by a turbidi~tric procedure followin9 
precipitation of the chloride by silver nitrate solution. 

eg/M3 : milligrams of 2,4,5-T Acid AS ••• sured as chloride per cubic mete~ of air 

• c Samples were collected And analyzed by investi;Ators from the 
Ketterlng Laboratory in the Department ~f Preventive P1edicine and Indust~ial 
Health, Cole;e of P1edlcine, University of Cincinnati, Cincinnati, Ohio 
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Table l!:l 

2.4.5-T Acid Air Con~.ntr.tioa. 1n Building 34 
Hon .. nto Coapauy 

Nitro, We.t Virginia 
June 8. 1954 

-------------s;;;1;-D;;~;~Pt~;~i----------------~~4;5:T---
~cid 

(llg/M3) 

:v~~i~ty-cf-tc~-Qf-th;-;;a~tc;---------------- -------O~39-: 

--------------------------------------------- ------------:Vicln:ty of recovery kettles 0.18 : 
I I ---------------------------------------______ 1_------__ --_1 

:Vicinlty of No. 1 centrlfuge. centrifuge 
runmng 

0.0: : 

0.07 

--------------------------------------------- ------------:Vlclnlty of ~C1C tan~ s 0.1: : 

:At No. 1 cen~rlfuge OurIng unloadIng O. 11 : 

--------------------------------------------- ------------:On platform at noccer whlle No.3 centrIfuge 0.66 
was unloaclng 

--------------------------------------------- ------------:Vlclnityof No. :. centrifuge durlng unloadlng: 0.16 : 

---------------------.------------------------ ------------:Vlclnlty of No. : centrIfuge durIng unloadIng: 1.06 : 

:VIClnlty of drumm~ng ooe~atlon 0.18 : 

:,4,5-T AC1C = Sam~le5 collected with G~eenbur9-5mlth implnQe~s at 0 
samoling ~ate of one cubic foot of air per mInute. 

mg/M3 = mIllIgrams of :.4,5-T ACId o@r CUblC meter of ai~ 

* : Samoles collectec by the State Health Department oT West Virg!nia, 
Bureau of IndustrIal HYQien~ 
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Table 20 
2.3.7.8-TCDD CoDceDtrat1ona in Hon .. Dto 2.4.5-T Acid 

Mon •• Dto CoapaDY 
Nitro. V •• t Virginia 

1958 - 1969 

nate Saepl~ De5c~iptiDn 2,:i,7,8-TCDD Source 
Canc. 
(ug/g) 

-------- ------~ .. ______ tII"__ 

1959 2,4,5-T acad 11 l"Ian.anto 
1959 2,4,5-T acid 11 f'lon.al"lto 
1960 :!,4,5-T .c~d 8 I'Iansanto 
1961 2,4,5-T aCid 5 f'len.ante 
196:'! 2,4,5-T aCld 10 f'lonsantc 1963 2,4,5-T acid 11 f'lensanto 
1964 2,4,5-T and 12 Monsante 
Jan-6~ :2,4,5-T &C:ld 5 f'lensantc 
Feb-6S :,4,5-T Acid 8 I'Ions&ntc 
Dec-6S ::,4,5-T atid Lot NE12-(126 1: "'ensante 
Ap~-6~ 2,¢,5-T &C:1C 1: l"Iensilntc 
lter-6S 2,4,5-T acid 15 /"Ians&nto 
Itp~-65 2,4.5-T aciD le i'1enHntc 
Aor-b5 :;,4,~-T ACld 16 l"ionsante 
Mar-6S 2,4,:5-T Acid. 17 Mensante 
A~r-65 2,4,5-T and 2: "'o"lsanto 
M.ly-65 2,4,5-T acid 22 P1ansanto 
A;!r-b5 2,4,5-T acid 23 P'lcnlunto 
Jul-65 :,4,5-T acid ::1 /"Icnsanto 
P1ay-b~ 2,4,5-T &ci d ..... f'lonsanto ... -Apr-6~ 2,4,5-T aC1C ::4 f'lonsanto 
Apr-oS 2,~,S-T an d 4l Monsar'ltc 
Apr-6~ :,4,5-T acid 44 Monsanto 
Ac;-b~· ::,~,5-T acici .,eo MO:"lsanto "'''' Nov-b6 ::,4,5-T acid Lot NH11-060 - Monsanto -' Sep-66 =,~,5-T acid Lot NHCl9-011 - Monsanto -> Apr-tob 2,4,5-T at:id Lot NH04-028 - r Monsanto .... .J 

Seo-66 :,4,5-T aci d Lot NI-/Cl9-051 4 !'Ionsoanto 
Nov-66 2,4,5-T aci d Lot NHl1-0!O 5 Monsanto 
AUQ-66 2,4,5-1 aci d Lot NH08-01c 5 Mons&.,tc 
Dec-66 :2,4,S-T acid Let NH12-009 5 I'1onsanto 
o1an-66 2,4,5-1 Aci c: Lot NHOI-024 0 Monsanto 
Oct-66 :!,4,S-T acid Lot NHIO-I02 7 I1onsanto 
Dee-66 2,4,5-1 acid Let NH12-0~1 7 P10nsante 
Mar-c6 :,4,5-T acid Let NH03-054 7.!i t1onsanto SI!P-66 2,4,5-1 acid Lot NH09-085 B Monsanto 
~F"-60 :2,4,5-1 acid Lot NH04-004 B f'1of\santo 
Feb-66 2,4,5-1 acid Let ~~02-03c 10 I'Ionsanto 
AuQ-66 2,4,5-T acid Lot NH08-024 11 PIan.anto Dct-60 2,4,5-T acid Let NH1O-092 11 Monsanto MaV-66 2,4,5-T acid Lot NHOS-033 11 tbnsanto 
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Table 20 cont. 

2,3,7,8-TCDD 
Cone. 
(u;/g) 

------------------------------------------------------------------------------Sep-60 2,4,5-T acid Lot NH09-100 12 l'IonS;Anto 
"Ay-66 2,4,5-T Acid Lot M"I05-029 12 MonsAnto 
Oct-bo 2,4,5-T Acid Lot NH1O-022 12.5 l'Ions;&nt.o 
Jun-60 2,4,5-T Acid Lot NH06-020 13 Mons .. "to 
~t-6b =,4,5-T Acid Lot NH10-0~: 15 Monsanto 
Jun-b6 2,4,5-T acid Lot NH06-0b7 17 f'lonli.nto 
Oct-bb 2,4,5-T ACId Lot NI"41 0-08:! 18 Monsanto 
Jul-66 2,4,5-T Acid Lot NH(l7-0SZ ~1 Monsanto .lul-bb 2,4,5-T aCld Lot NK07-016 21 I'Ion5anto 
Jul-66 :,.!; ,5-T .~ci d Lot NH07-038 28 Monsanto 
Feb-07 2,4,5-T acid Lot NIO~-OOl <3 Mon,.anto 
Feb-b7 2,4,5-T acid Lot NIO~-O:5 C Monsanto 
Feb-67 2,4,5-T Acid Let NI02-010 <3 MonSAnto 
Oct-07 2,4,5-i ,,"cic Lot NIlO-OSO <S Monsanto 
Oct-67 2,4,5-T aCId Lot NII0-080 (5 Monsanto 
Oct-67 :,4,5-1 aCId Lot NIlO-09CI <5 I'IOilS<1r.tc:> 
Oct-67 :,4,5-: aCId Lot N! 10-v6e) <5 Mons;anto 
Oct-b7 2,4,5-T aCld Lot NI10-070 <5 W'lonsoanto 
Mar-07 2,4,5-T acid Lot NI03-0::0 . Monsanto . 
Feb-67 2,4,5-T a~id Lot NIO.2-040 1 MonSAnto 
Ma~-b7 :,4,5-T acid Lot NW:-O(ll 1 Monsanto 
~ar-67 :,4,5-T acid Lot N 10:,-01 (J 3 Monsanto 
Jan-67 2,4,5-T acid Let NI01-0:·1 3 Monsanto 
Ja~-67 2,4,5-T a~lC Lot NIOI-041 - l'IonsantCl ~, 

JiIn-67 2,4,5-T aClCi Lot NI01-05! ,;.. Monsanto 
Dec-67 2,4,5-T acid L.et NI12-01(1 ~ Monsanto Nov-67 ~,4,5-T acid Let NIl 1-0:20 

~. Monsanto 
Nov-67 2,4,5-T ane L.et NIll-(71) .. Monsanto .. ' 
Nov-b7 :,4,5-; acid Lot Nl11-C'4(1 ,;. Monsanto 
Nov-67 2,4,5-T acid Lot 1\'111-060 "T l'1onSAnto '"' Feb-67 2,4,5-T aCld Let , .. a 02-(120 3 Monsanto 
Jan-b7 2,4,5-T acid Lot N101-021 "T Monsanto ~. 

Nav-67 2,4,5-T acid Lot NIII-0BO 3 Mon~&nto 
Nov-67 ~,4,S-T acid Lot NIll-090 :3 I'1on5anto 
Jun-b7 2,4,5-T acid Lot NI06-060 4 l'1on5antc 
Au9-67 2,(,S-T acid Lot NIOe-070 4 Men50a:"lttl 
Dec-67 2,4,5-T acid L.ot NI12-080 4 Mon.anto 
Jan-67 2,4,5-T Acid Lot NI01-o04 4 I'Ion.anto 
~y-67 2,4,5-T acid Lot NI05-070 ~ 1'1cn.&ntc 
Feb-67 2,4,5-T Acid Lot NI02-070 5 f'Ionsanto 
SeP-67 2,4,5-1 Acid L.~t NI09-0:;o !i Pton.anto 
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Table 20 cont. 

D~te S~mole DeSC~l~tien 2,3,7,B-TCDD 50u~ee 
Cone. 
(ug/~) 

----------------------------------------------------------------------Sep-1b7 2,4,5-T acid Lot NI09-060 5 Mons~nto 
51!~-c7 2~4,5-T .cld Let N!09-010 5 Mons.nto 
Sep-67 2,4,5-T acid Lot NI09-070 5 Monsanto 
Sep-b7 :?,4,5-T Acid Let NI09-020 5 Monsanto 
Dec-67 2,4,5-T acid Lot NI12-050 5 MonsAnto Jul-67 2,4,5-T acid Let NI07-1ClO r Monsanto ... 
Jun-67 2,4,5-T acid Lot NIOb-070 5 Monsanto 
Jun-1b7 2,4,5-T aCid Let NICl6-010 6 Mom.,anto 
Jun-b7 2,4.5-T Acid Lot Nl(J6-050 Ib Monsanto 
Seo-67 2,4,5-T and Let NI09-0BO 6 Mons,anto 
Aug-b7 2,4.5-T aCId Lot NI08-(61) 6 MonSAnto 
Jun-67 2.4,5-T aCId Lot NI06-091) 6 MonSilnto 
Jun-67 2,4.5-T aCid Lot NI06-001 b l'Ion5anto 
Jun-67 2,4.5-T aclC! Lot NII)6-0eO 7 Monsanto 
Feb-67 2,4.5-T acic Lot NI02-06Ci 7 Monsanto 
Oct-67 2.4,5-T aCld Let NI10-(lOl 7 Monsanto 
Sep-67 :.4,5-T .C1C Lot NICl9-090 7 Monsanto Aor-b7 2,4.5-T aClCl Lot N: Cl4-(120 7 MonSAnto 
May-b7 :,4,5-T aCid Lot NI05-100 7 Monsanto Mar--67 2,4.5-T ecic Lot NI03-1)4(l 7 Monsal"lto 
Oct-67 2,4,5-T ~cId Lot N: 10-04(' 7 Monsanto 
Jul-67 2,4,5-T acid Lot NI07-001 7 Monsanto 
Jun-b7 :.4,5-T aC:ld Lot N I (.b-03(1 7 Monsanto Nov-b7 :,,',5-7 aCld Lot N: 1 :-1)5.) 7 Monsantc:. Jul-67 2,4,5-T aCld Lot NI07-020 7 Monsanto Jul-67 2.4,5-T aCld Lot NI07-010 7 Mon!:>anto Jun-67 2.4,5-T aCid Lot N!Cl6-110 7.5 Monsanto 
Oct-67 2,~,5-T and Lot NI H'-010 B Monsanto 
May-b7 2,4,5-T acid Lot NI05-0eO 8 Monsanto 
Aor-67 2,4,5-T .cld Lot NI04-Co15 8 Mcnsal"lto 
Jun-b7 :,4,5-T acid Lot NI06-0~O 8 Monsarlto 
Ma"-67 2,4,5-T acid Lot Nr(l::-O~5 8 Monsanto Sep-67 2,4,5-T aCld Lot NI09-110 B Monsanto 
Dec:-67 2,4,5-T acid Lot NI12-060 B I'Ir.ln san t 0 
Feb-b7 2,~,5-T aCld Lot NIO:-035 8 !'Ionsilnto 
Oc:t-b7 2,4,5-T acid Lot Nll0-02(; e l'Ions.nto 
Jul-67 2,4,5-T acid Lot NI07-06CJ e Mon~anto 
Sep-67 2,4,5-T Acid lot N!09-050 e I1onsanto 
f'lay-67 2,4,5-T acid lot NI05-04(1 9 MonSAnto 
Oc:t-67 2,4,5-T Acid Let NIIO-030 9 l'Ion ... nto 
~y-67 2,4,5-T acid Lot NI05-0'10 9 1'1on •• nto 
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Date S.mpl~ Descriptlon 

Table 20 cont. 

2,3,7,8-TCOD 
Cone. 
(ug/g) 

Source 

--F;b=67 2.4,5-T-;~id-L;t-Nio2:030-------------------------9----~;~;~t;------
Jul-67 2,4,5-T acid ~ot NI07-030 10 Monsanto 
Jun-67 2,4,5-T acid ~ot NI06-020 10 Monsanto 
Apr-67 2,4,5-T aCic ~ot NI04-005 10 Monsanto 
Nov-67 2,4,5-T acid Lot NII1-030 10 Monsanto 
~c-67 2,4,5-T aCid ~ot N112-040 10 Monunto 
l'Iar-67 2,4,5-T acid ~ot N104-001 10 Monsanto 
Aug-67 2,4,5-T acid Lot NIOS-OI0 10 Monsanto 
Aug-67 2,4,5-T acid ~ot NIOS-030 10 Monsanto 
Dec-07 2,4,5-T acid ~ot Nl12-070 10 Monsanto 
Jul-67 2,4,5-T aCld Lot NI07-080 10 MonSAnto 
Jun-67 2,4,5-T aCld Lot NI06-100 10 Mon~ant~ 
Jul-67 2,4,5-T aCld ~ot NI07-050 11 Monunto 
Jul-67 2,4,5-T acid Lot NI07-09(1 11 Monsanto 
Dec-67 2 9 4,5-T acid Lot NII2-0:0 12 Monsanto 
Sec-67 2,4,5-1" aCld Lot NI(J9-10(l 1: Monsanto 
Nov-67 2,4,5-T acid Lot NI1l-01(1 12 MonSAnto 
Apr-67 2,4,5-T acid Lot NI(14-0S0 12 Monsanto 
I1Ay-67 2,4,5-T acid Lot Nlo5-060 13 Monsanto 
Apr-07 2,4,5-T acid Lot NI04-060 13 Monsanto 
Dec-6'7 2,4,5-T aCl[~ Lot NI!:-O::O 13 Monsanto 
Jul-67 2,4,5-T acid Lot NI07··11C1 1:: Monsanto 
Aug-67 2,4,5-T aCld Lot NIOE/-OS!) 13 Monsanto 
f':ar-67 :,4,5-T aclC:! Lot 1'~rO::-(l2(1 14 MO"lsar:to 
l'1 .. r-67 2,4,5-T acid Lot NI03-060 15 l1onliiilnto 
l'Iar-67 2,4,5-T .aci d Lot NI03-05(1 15 Monunto 
l'1ay-67 2,4,5-T ilCl cLot NI(15-050 15 !'Ionliante 
Aor-67 2,4,5-T .acid Lot NI04-f)lO 15 Monsanto 
Jul-67 =.4,5-T ACId Lot NI07-040 17 Mon5anto 
Feb-67 2,4,5-T aCId Lot NI02-050 17 Mon~.nto 
~y-67 2,4,5-T ilcid Lot NIOS-OlO 17 I'Ionsanto 
Sep-67 2,4,5-T acid Lot NI09-040 18 Monsanto 
Aug-67 2,4,5-r ACId Lot Nl(IS-10C) 18 Honsanto 
A/:Ir-67 2,4,5-T acid Lot NI04-030 18 Monunto 
Jul-67 2,4,5-T aCId Lot NI07-070 19 Konsanto 
l'Iay-67 2,4,5-T acid Lot N!CJS-020 20 Monsanto 
Arlr-67 2,4,5-T ACId Lot NI04-04!) 20 !1on$anto 
~y-67 2,~,5-T acid Lot NIOS-OOl 22 Monsanto 
Aug-67 2,4,5-T acid lot NI08-040 :2 I'Ionsanto 
Aug-67 2,4,5-T .acid Lot NI08-020 22 Kon5a~to 
Aug-67 2,4,5-T acid Lot NIOB-120 ~3 ~s.nto 
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Table 20 Cont. 

Dilte Sample Description 2,3,7,8-TCDD Source 
Cone. 
(ughjj) 

------------------------------------------------------------------------------Mily-07 2.4,5-T ilcld Lot NI05-031) 24 MonSAnto 
Oct-07 :.4,5-T oilcid Lot NIlO-110 25 Monsal1to 
Nov-67 2.4.5-T ilcid Lot Nll1-001 25 Monsanto 
AU9-o7 2,4,5-T ilcld Lot NI08-110 25 Monsanto 
Sep-68 :,4,5-T ac::id Lot NI<OQ-059 <3 Monsanto 
Oct-bS 2,4,5-T .;and Lot NI(10-030 <3 I'lonsanto 
Nov-68 :,4,5-T acid Lot NU 1-0:3 <3 I'II.Jnsanto 
Mily-b€ :Z,4.5-T aCld ~ot NI<05-050 <3 I'Ionsanto 
Aug-b8 :,4,5-T acid Lot NI:Cl8-0:: <3 I'Ionliilnto 
Oct-6S :Z.4~~-T aCld Lot NI~lO-038 <,'T Monsanto .~. 

Jul-6S :,4.5-T aCld Lot Nn17-011 <3 Monsanto 
Mar-bE' :,4,5-T .ac 11: Lot NI·:(l3-Cl4(1 <3 Mon5a~to 
Nov-6S :.4,5-T C!C1C Lot NU 1-018 <3 Monsanto 
Se:l-68 :,4.5-T isC1C Lot N'09-04: <:: MonSilnto 
~l.lg-68 :,4,5-T aCld Lot NI:08-005 C Monsanto 
Aor-68 :,4.5-T a::l(:~ Lot Nf:04-('l1 (J <~ MonSilnto 
Apr-be :,4,5-T aCld Lot NL(14-(120 3 Monsanto 
Feb-b8 :!,4,5-T OIcld Lot NI:(l::?-CI1O 'T Monsanto ... 
Jul-bB 2,4,5-T ACld Lot NK07-(lO: 3 Monsanto 
M.ar-68 :,4.5-T a.n d Lot NI:03-lj:;O ... Monsanto ... 
Jiln-66 :,4,5-T ae.d lot NI.I)1-CI6(1 3 Monsanto 
Feb-bS 2,'-:,5-T aCld Lot Nf:02-0:1) .,. Monsanto ... 
Ja.n-68 :,4,5-T aClc Lot Nf :(11-05(1 or Mon5anto .... 
Apr-6S 2.4.5-T ac:d Lot NL04-0:.(J 'T Monsanto ~. 

Jun-68 2,4,5-T olC1C Lot Nf:06-(ll (I - Monsanto ... 
Feb-bS 2,4,5-T aeld Lot Nt~O:-030 or Monsanto ~. 

Jan-68 :.4.5-T aCld Lot Nt·C': -(140 ..;:. Monsanto 
!'lay-be :.4,5-T aCl~ Lot NI.05-040 5 l'IonSiinto 
MOly-6S :,4.5-T aCld Lot N~·.(l5-(l60 5 Monsanto 
Jun-68 :,4,5-T .cld Lot Nf~(l6-(l20 7 Monsanto 
Jiln-68 2.4,5-T aCld Lot Nt:Ol-OOl 8 Monsanto 
Jan-b8 2,4.5-T aCld Lot NKOI-02(l 12 Monsanto 
Jan-bS :,4,5-i aCld Lot NI"Ol-O 1 (l 12 MOntianto 
Jun-69 2,4,5-T ilcid Lot NLOb-028 0.3 Monsanto 
!'lay-eli :,';,5-T aCld L.ot NL05-03: 0.5 Monsanto 
Jun-69 :,I;,5-T ac::i d L.ot NLI)6-0(16 0.5 Monsanto 
Jun-69 :,4,5-T aCld L.ot NL06-0::S 0,5 Monsanto 
Apr-69 2,4,5-T acid Lot N:'04-029 0.6 !'lonSOilnto 
Jul-69 2,4,5-T acid L.ot NL07-023 0.7 MonSAnto 
Jun-69 2,4,5-T acid Lot NLOb-023 0.7 Monsanto 
Jul-69 2,4,5-T acid Lot NL(17-012 0.7 !'lon.ante 
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Table 20 cont. 

Date SA~le De.~ripticn 2,3,7,8-TCDD Source 
Cone: • 
(UCil/Q) 

--- ------ -----------------Jul-69 2,4,5-T aCid Let NL07-012 0.7 P'lon.ante 
Hay-69 2,4,5-T ACld let Nl05-014 0.7 P'lonlS&nte 
Jun-69 2,4,~-T ACld let NL06-0:4 0.8 P'lor"lsanto 
Jun-69 2,4,5-T Acid let NL06-020 O.B P'lonsanto 
~y-69 2,4,5-T A~id Let NL05-010 0.8 Monsanto 
~y-c9 2,4,5-T Acid lot NL05-036 0.8 l'Ionsanto 
Jun-69 2,4,~T acid lot NL06-020 0.8 MonsAnto 
Jul-69 2,4,5-T acid lot NL07-00Q O.B I'Icnsanto 
Jul-69 2,4,5-T A~id let NL07-01:: 0.9 l'IonsAnto 
Jul-69 2,4,5-T Add lot NL07-012 o.er P'ler,5anto 
~y-69 2,4,5-T AC:ld let NL05-003 0.9 Monsanto 
Jun-69 2,4,5-T AC:ld let NL06-01: 0.9 P'lonS.lnto 
Jun-69 2,4,5-T ae:id Let NL06-C.34 0." P'lonsanto 
Jul-69 2,4,5-T AC1C lot NL07-011 0.9 P'lonsa.,to 
Play-69 2,4,5-T ACid Let NLOS-Ol:: 1 P'lonsanto 
Aug-e9 2,4,5-T iile:ld let NL08-026 1 I'Icnsant.o 
Aug-69 2,4,5-T ae:id lot NL08-012 1 l'Iensanto 
"ay-e,9 2,4,5-T ACid Let NL05-0(19 1 I'kIn5anto 
Jun-e,9 2,4,:5-T ae:ld Let NL06-015 1. 1 I"Icn5&nto 
Jun-e,9 2,4,5-; aC1C Lot NL06-030 1. 1 l'Ionsanto 
Aug-e9 2,4,5-T aC:1C Lot NL08-030 1. 1 !'tor..anto 
Ju:-e,9 :,4,5-T aClc Let NL07-01(, 1.1 P'lonsanto 
Jul-69 ~,4,S-T acid lot NL07-0~3 1.1 I"Icn5anto 
Aug-69 2,4,5-T aC1C Let NL08-0:er 1.1 P'lonsanto 
Jul-e9 ~.4,S-T ae:id Lot NL07-0:4 1. : P'lonsanto 
Jun-e9 :,4,5-T aCld let NL06-0:o 1.2 l'Ions.lr,to 
.Jul-e9 2,4,5-T ae:1C Lot NL07-0:9 . ~ P'lonsanto ... 
Jul-69 2,4,S-T aCld Lot NL07-031 1. :. MonsantCl 
Aug-69 2,4,5-T acid Lot NL08-(l:;:; .. . ..• l'Ionsantc ...... 
Aug-09 2,4,5-T aCld Lot NL08-031 1 • :: l'Ionsanto 
Aug-69 2,4,5-T AC:ld Lot NLOB-O":: 1.4 l'Ionsanto 
Aug-b9 2,4,S-T aCld Lot NL08-006 1.4 I"'Icnsanto 
Aug-69 2,4,5-T aC:ld Lot NLOB-021 1.4 I'Icn,.anto 
AuQ-69 2,4,5-T aCIC Let NL08-019 1.4 l'Ionsa"to 
~r-69 2,4,5-T acid lot NL04-019 1.4 f"Ionsantc 
.lul-e,9 2,4,5-T aCld Let N1..07-028 1.5 Plonsanto 
.lul-69 2~4.5-T Acid let NL07-0:1 1.5 Plonsanto 
Jul-69 2,4,5-T aCld Let NL07-019 1. ~ Hon£.anto 
.lul-69 2,4,5-T ae:id Lot NL07-024 1.6 !'ton.anto 
~~-69 2,4,5-1 AC10 Lot NLOB-027 1.6 P'Ionsanto 
.lun-69 2,4,5-T Acid lot NL06-003 1.6 l'Ionunto 
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Table 20 coot. 

Date Sample Description 2,3,7,B-TCDD Source 
Cone. 
Cug/g) 

------------------------ -Jun-69 2,.,'5-T acid Lot NLOb-012 1.6 f1onunto 
Apr-69 2.4.5-T acid Lot NL04-013 1.6 I'Ion5anto 
Au9-69 2,~,S-T acid Lot NL08-006 1.6 !'\onJianto 
Jul-69 2,~,'5-T acid Lot NL07-020 1.6 Monsanto 
AuQ-69 2,4,5-T acid Lot NLOB-028 1.7 P1onsantt' 
Jul-'::'92,4,5-T Acid Lot NL07-0:.'8 1.7 l'IonGanto 
Aucr-69 2,4,5-T acid Lot NLOB-003 1.7 Pklnsanto 
.lun-69 2,.,5-T acid Lot NL06-0<I' 1.8 Monsanto 
May-69 2,~.S-T aCld Lot NLC'S-005 1.8 Monsanto 
Aug-tl9 2,4,5-T acid Lot NlO8-004 1.8 l'Ionsanto 
.Jun-69 ::,4,5-T aCld Lot NL.06-015 1.9 Monsanto 
Aug-69 2,4, 5-T aelC~ Lot NL08-00" 2 l'IonsantCl 
Jun-69 :,4,5-. aCld Lot NL06-011 :.1 P'ion5anto 
.Jun-69 :,(,~-T aC1C Lot NL.(J6-01L 2.1 l'Io~sat'lto 
Jun-69 2,4,5-T aCld Lot NL06-0::2 2.2 I'Ion5anto 
Aug-69 2,4,5-T aCld Lot NLC'8-0:'~ 2.:! HonSlIntc· 
Au,9-~9 :,4,5-T aCld Lot NL.08-00S ::2.4 f"Ionsanto 
Au~-69 :,4,~-T aCld L.ot NL08-0:0 2.5 Monsanto 
Aug-69 :.4,5-T acid L.et. NL08-(l:~ ::2.6 I"Ionsanto 
AUQ-69 :,4,5-T acid Lot NL08-0(l7 2.7 l'Ionlia:'1tC'. 
.lul-69 2,4,5-T acid Lot NL07-(ll e 2.7 ~onsolnto 
AuQ-69 2.4,5-T acid :'ot N:. 08-0:'(, 2.7 l'Ionsa"to 
Jul-69 2,4,5-T aCld _ot NL07-016 :.7 Monsanto 
Jul-69 :,4,5-T aelC L'; t :..:!.O7-030 ~.8 P'lonsa:'lto 
Aug-692,4,5-T aClC lot ,lll0B-O:':' 2.8 MonsantD 
Aug-69 2,4,5-T ael d Lo. NlO8-(l2:: 2.9 "'on~anto 
~g-69 2,4,5-T acid Lot NL08-018 3 l'Ionsanto 
Au9-69 2,4,5-T acid lot NL.08-034 3.B f1Q'~;5"tc 
.... r-69 2.4,5-T acid Lot NL03-Q(l7 4.4 P'lonsanto 
Jan-692,4,5-T aeid Lot NL01-0<16 9 Mon5."to 
.lul-1!»9 2,4,5-T acid I-ot NL.07-Ql~ 9.7 Monsanto 
J&n-69 2,4,5-T acid lot Nl(Jl-005 10 Monsanto 
Jul-69 2,4,5-T acid Lot NL07-01S 22 I".ons~nto 
Apr-67 ~chem A-95744 (Monsanto) 2,4,5-T e5t~r 14.1 Woolson 
ftAr-67 ~che~ A-94722 (Monsanto) ~.4,5-T @Pst.r 1".4 Wo0150n 
Jan-67 Amchem A-81701 (Mon&anto) 2,4,5-T estl!'r 34 Woolson 
Seo-6B A.chem QC-5!9 U10n.anto) :,4.S-i acid 12 Woolson 
Apr-6B Allche~ QC-579 (l'Ionunto) ~,4,S-T .. cid 13 Woolson 
"-y-68 Mc:hlHll NK05-o36 {P'Ionsanto) Z,4,S-T ac::id 24 Woolson 
Jul~9 ~~em NL.06-01~ (Monsanto) ::,4,5-; aciC: 1. " Woolson 
"-y-69 Arachem NL.(l4-03::? 'Monsanto) 2,4.5-T acid 2.3 Woo!&on 
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- Date SAmple Description 

Table 20 cont. 

2,3,7,B-TCDD 
Cone. 
(uli//li/) 

------~-------------------------------------------------------------------------MAr-70 Mcnr.Anto 2,4,5-'T AC1C, 01-020 2.3 Woolson 
M.r-70 Amchem Nl01-018 (Monsanto) 2,4,5-T Acid 3.7 ~00150~ 
I'Iar-69 A~chem NL03-013 (Monsanto) 2,4,5-T Acid 4 Wool Don 
JAn-70 Amchem NL01-018 (Monsanto) 2,4,5-1 acid 5.4 Woolson 
I'Iar-70 Amchem NL01-131 (Monsanto) :,4,5-T acid 6.8 Woolson 
Feb-6S Monsanto 2,4,5-T acid 10 Dow 
Jan-b5 Monsanto 2,4,5-T acic (1: SAmples) 6.5 - 11 Dow 
Mar-70 I'1pnsanto 2,4,5-T aCld, Lot ML07-020 1.4 Dow 
Nov-72 Monsanto Agent Orange, Gulfport, M1SS. 6.9 Dowl 
Nov-72 Nonsanto Agent Orange, Gulfport, l'1iss. 7 Dowl 
Nov-7: Monsan~o Agent Orange, Gulfport. M1SS. 7.2 Dowt 
Nov-72 Monsanto Agent Orange, Gulfport, l'1iss. 7.4 Dowl 
Nov-72 Mon.anto Agent Orange. Gulfport, Miss. 7.9 Dowl 
Nov-72 Monsanto Agent Orange, Gu~fport, Miss. 9.3 Dow. 
Feb-67 Sti 11 Tep 5 Monsanto 

2.4,5-1 acid = 2,4,S-trichlorophenoKyacetic 4Cld 
:,3,7,B-TCDD = 2.3,1.8-tetrac:hlorodiben:o-p-dioxin 
ug/g • &icrogr~ms of 2,3,7,8-TCDD per gram of £am~le 

Agent Orange = SOi. 2,4,5-T b~ltyl ester t. 50'l. 2,4-0 butyl ester 
Mon5anto = Corresp~ndence from MarCle Strauss ~f Monsantc 

to MarIlyn Fingerhut of NI05H, November ~4, 1986. 
Woolson = Woolson, E.A. eta .1.: Survey of Polych:orocibem:o-p-dio~;in 

Content in Selected Pesticides. J. Agr, Food Chem., Vol. 20(2) ,197:,~~. ~~~-:5~ 
Dow = Correspondence ~rom E.~icheal Seidel of The Dow Chemical Company 

to Davie Marlow of NIOSH. July::, 1986. 
Dow' = An~lyses conducted by ThE Dow Chemlcal CompAny ~or the US Air Force 

und~r contract No. F 41608-73-C-1629 
Still TCP ~ recovered 2,4,5-trlchloroohenol 
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l 
i 
I 

, 

rule 21 
lu.aar, of 2.3.7.8-!CDD CoDceDt~.t1ODe 

AD NOD •• ato 2.4.5-T ~ 
1I0D .. oto c:o.peD1 

.1tro. V.u 'h&1aia 

Y~.ar 

1958'" : 

1 !}59- : 

1960- I 

1961· 
1962- : 

1963-
1964- : 

1965 , 

Sarnp"~ 
Descnption 

2.4.5-T acid 
2.4.5-T acid 
:? .45-T acid 
2.4.5-T acid 
2.4.5-T acid 
2.4.5-T acid 
2.Q.5-T acid 
2.4.5- T acid 

Anatyte 

I 
I ! 

i 2.3.7.8-TCDD I , 
: 2.3.7.8-TCDD l 
i 2.3.7.8-TCDD ! 
I 2.3.7.8-TGDD I 
I :2.3.7 ,8-TGDD 1 
I 2.3.7,8-TCDD ! 
I 2.3.7,8-TCDD ! 
I 2,3,7,8- TGDD I 

1965 2.4.5-T aCId' 2.3,7,8-TCDD I 

1966 2.4.5-T acid 2,3.7 ,8-TCDD 
1967 , :2.4 .5- T acid 2.3,7 .8- TCDD 
1 967 ; .. ,j- ",cid I 2.3,7.8-TCDD I 

196B 
, 

2.4.5- T acid! 2,3.7.8-TCDD J 
1968 : 2.4.5- T acid j :2 ,3.7 .8-TCDO I 

1969 : 2.l!.5-T aCid I 2,3,7,B-TCDD i 
1969-·70: 2.4.5- T acid i 2.3.7,B-TCDD I 

'970 '2.4.5- T acid , 2.3.7 .B-TCDD I 
1972 Aqtmt Orancte I 2.3,1,B-TCDD ! 

Number I Number 
of of 

Samples NDs 

I I 
1 ! 0 I 

i 
1 J 0 j 
1 I 0 I 

1 I 0 I 

1 ! 0 ! 
1 I 0 I 

1 I 0 ! 
17 : 0 ; 

I 

13 
27 
3 

117 I 8 I 

3 0 ! t 

1 ; 
29 12 ! 
82 I 0 i 
{; i 0 ! 
1 I 0 i 

6 : 0 , 

.. Sample~ collJ:?.::t?c! between 1958 - 1964 were an.aly:zed in 1964 
2.41.5-T = 2.<1.5-lrichlorophenol 
2,3,7,8-TeDD = 2.3.7 .8-teu-achlorodiben:zodioxin 
ug/g = tnSCfOgr.:lIllS of 2.3,7,8-TCDD per 9ram of sample 
Agen~ Oran~t.: = 50:/: 2,11,5-T butyl ester t. 50 Cilo 2,4-D ester 
Monsanto = Correspondence from Marcie Strauss of Monsanto 

to Manlyn Fingerhut of NIOSH, November 24,1986 
Woolson = Woolson. EA. er .a!.: Survey of Polychlorodiben;:o 

Sampll'! 
Resuh 
Ranqe -
(uqiq) 

" 11 

8 
5 

10 
11 
12 

5 - 55 
6.5 - 11 

3 - 28 
141 - 34 

1 - 25 
12 - 24 

3 - 12 
0.3 - 22 
1.9 - 6.8 

1.4 
6.9 - 9.3 

I -
I ---
: ---
I ---
i 
I ---
1 ---
, ---
I ---
i n.B 

10.5 
208 

; 9. o 
i 16.3 
i 3.4 

i :2.0 

i 4.0 

1 ---
, 7.6 , 

Gontent in Selected Pesticide5. J. Agr. Food Chern., VoI.20(2'.1972 pp.351-354 
Dew = Correspondence from E. Michael Seidel of The Dow Chemical Company 

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 4160B-73-C-1629 

1 
j --- : 

t 
I ---
, ---
I ; 
! --- \ 
i ---
! --- I 

I --- I 

I 13.7 

6.2 
11.4 

I 60 i 

: 6.6 I 
! 2.8 : 

I 2.8 I 
I 1.8 I 
I -.- I 
\ 0.9 I 

Analysis 
Source 

Monsanto 

Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 
Monsanto 

Dow 
Monsanto 
Woolson 
M onsanto 
WoolsO/1 
Monsanto 
Monsanto 
Woolson 

Dow 
Dow ... 

i 
: 
: 

, 

i 

, 

: 


