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Abstract

The Dow Chemical Company in Midland, Michigan is a large, integrated
chemical plant, which through the years (1935-1983) along with many other
chemicals, produced 2,4,5-trichlorophenol (2,4,5-TCP), several derivatives
of 2,4,5-TCP, pentachlorophenol (PCP) and several derivatives of PCP. The
NIOSH Dioxin Registry study 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 (TCDD) and
hexachlorodibenzo-p-dioxins (HxCDD). 2,4,5-TCP and its derivatives as well
as PCP and its derivatives contain these dioxin isomers; therefore, the Dow
Chemical Company plant in Midland, Michigan, has been included in the SlOSH
Dioxin Registry Study.

A history and description of the processes, personnel, and records systems
are included in t~.is report. An account of the procedures used to review
the personal record syste.~, industrial hygiene reports and data, and
analytical dioxin data is included. In addition, a descriptive
summarization of the industrial hygiene and analytical dioxin data is
provided.

The Dow Chemical Company's records for general personnel, medical, workers'
compensation, industrial hygiene and analytical dioxin data provide an
excellent base from which work histories can be constructed and potential
exposures to TCDD and HXCDD can be estimated for Dow Chemical Company
employees included in the Dioxin Registry.
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Introduction

The National Institute for occupational Safety and Health (NIOSH), Division
of Surveillance, Hazard Evaluations and Field Studies (DSHEFS), Industrywide
Studies Eranch (IWSE), is conducting an investigation of health effects
resulting from occupational exposure to polychlorinated dibenzo-p-dioxins,
and in particular the isomers 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or
hexachlorodibenzo-p-dioxins (HxCDD). This study, referred to as the 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 TCDD or HxCDD. The Registry, initiated in 1979, was
prompted by animal studies showing TCDD to be acutely toxic and a
chloracnegen, as well as a carcinogen and teratogen. 1 - 7 TCDD is a
contaminant found in 2,4,S-trichlorophenol and/or its sodium salt, which
are raw materials used to produce chemical compounds such as
2,4,5-trichlorophenoxyacetic acid (2,4,S-T acid) and 2,2'methylenebis
(3,4,6-trichlorophenol) (hexachlorophene). Currently, there are fourteen
production facilities and approximately 7000 workers included in the
Registry. The first use of the Registry will be to conduct a mortality
study for which the co~parison group will be the U.S. male population. This
study will evaluate the causes of death among workers exposed to products
contaminated with 2,3,7,a-TCDD and/or HxCDD. The Registry will also be used
in a morbidity study of workers from two sites from which worker exposure
data has been included in the Registry.

The Dow Chemical Company located in Midland, Michigan is one of the 14 sites
included in the Dioxin Registry. Presented is a compilation of information
and data collected from Dow on its 2,4,S-TCP, 2,4,S-TCP derivatives,
pentachlorophenol (PCP), and PCP derivative processes which operated over a
forty year period.

History and Descriotion of the Facilities (Information Relevant to the
Dioxin Reoistry)

The Dow Chemical Company produced 2,4,S-TCP, derivatives of 2,4,S-TCP, PCP
and derivatives of PCP, from 1935 to 1983 at its large, integrated chemical
plant located in Midland, Michigan. The facility is known as the Michigan
Division. Appendix A, Table 1 list the buildings, dates, products and
organizational units for each process relevant to the Dioxin Registry. The
following subsections describe the history and relevant details about the
buildings which housed the 2,4,.s-TCP, TCP derivatives, PCP and PCP
derivative production processes. Figures and tables referred to in the
follOWing subsections can be found in Appendix A.

A) 2.4.S-Trichloroohenol and Sodium 2.4.5-Trichloroohenate
Dow initiated the production of 2,4,S-TCP on a developmental basis in
1942 in 199A Euilding. Routine commercial manufacturing of 2,4,S-TCP
began in April, 1946. The sodium salt of 2,4,S-TCP, sodium
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2,4,S-trichlorophenate (NaTCP), was synthesized in 199 Building and the
acidification and finishing to form 2,4,S-TCP was done in 349 Building.
Building layout diagrams for 199 and 349 Buildings are shown in Figures
1 and 2, respectively. In June of 1966, 804 Building was completed and
housed a new and significantly changed 2,4,S-TCP production process. A
building layout diagram for 804 Building Complex is shown in Figure 3.
The NaTCP process in 199 Building and the acidification to form
2,4,S-TCP ~n 349 Building were shut down in the fall of 1966. The
2,4,S-TCP process change was brought about due to the need for more
production capacity, the problems with chloracne which were associated
with an old process (discussed in subsequent sections of this report),
and the availability of a "better" process. The 199 Building was
dismantled in 1968. Production in 804 Building complex ceased in
February 1979. Most of the 2,4,S-TCP produced was used in herbicide
production, with small amounts used in the production of
antimicrobials, such as Hi-Purity TCP, Dowicid~ (2,4,S-TCP),
Dowicid~ B (NaTCP), and the insecticide, ronnel
(o,o-dimethyl-o-(2,4,S-trichlorophenyl)-phosphorothioatel. The 804
Bldg. 2,4,S-TCP process equipment was demolished on Sept. 31, 1987.

There are no records available which document the amounts of 2,4,S-TCP
or its sodium salt equivalent produced in 199 Building. The evidence
that is available suggests that production levels during the first ten
years of operation varied between 50,000 and 500,000 pounds annually.
Production levels ranged from 400,000 to 2.5 million pounds annually
for the second ten years. The production during a given year was
seasonal. Peak production occurred during late fall and winter months,
and little (if any) production during the summer months.

Production of 2,4,s-TCP in 804 Building complex during the years
(1966-1979) in which it operated varied from about 2.5 to 9.0 million
pounds annually. There were no identifiable patterns of production
during these years other than when 2,4,s-TCP was demanded as an
intermediate or as a product. On the average from ten to thirty
percent of the actual annual production was marketed outside Dow as a
chemical intermediate or as a pesticide.

B) 2,4,S-Trichlorophenoxvacetic Acid and Acid Esters
The 2,4,s-trichlorophenoxyacetic acid (2,4,s-T acid) was first produced
in 267 Building, Organic Semi Plant, in 1948. The product obtained
commercial status in 1950 when the process was shifted from the pilot
plant area of 267 Building to the then vacated
2,4-dichlorophenoxyacetic acid (2,4-0 acid) facilities in the same
building. The production of 2,4,s-T acid continued in 267 Building
until it was terminated in May 1971. A building layout diagram of
267 Building is shown in Figure 4. 267 Building was demolished in
December 1973. Table 2 summarizes the company estimates for the
percent of the time in each year that the 2,4,S-T acid process was
operated.
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Most of the 2,4,5-T acid produced was converted to butyl, Dowano~
PIE (a mixture of butyl and isobutyl ethers of propylene glycol) or
isooctyl esters. The butyl esters were manufactured in the acid ester
plant in 489 Building while the less volatile esters were produced in
267 Building.

The production records for the manufacture of 2,4,5-T acid in
267 Building have long since been destroyed. However, based upon
reconstruction of events and recall of Dow management, the following
estimates have been made:

1950-1955
1956-1960
1961-1965
1966-1971

0-200,000 pounds/year
100,000-750,000 pounds/year
400,000-2.0 million pounds/year
500,000-3.5 million pounds/year

No 2,4,5-T acid was produced in 1968 and little was produced in 1969.
About 70-75% of the 2,4,5-T acid manufactured was further processed
into esters, about 5% was converted to amine salt formulations, and the
balance was sold as a dry powder. About 80% of the esters produced
were further converted to formulations in 489 Building while the
balance was sold to formulators. There is no record of who purchased
the 2,4,5-T powder or the esters.

C) Silvex Acids and Silvex Acid Esters
The Silvex acid [2(2,4,5-trichlorophenoxy)-propionic acid] process was
initiated in the pilot plant unit for phenoxy herbicides in
267 Building in 1958. These facilities became and remained as the
manufacturing facility for Silvex acid, as improvements and expansions
were made, until cessation of production in 1971. As stated before,
267 Building was demolished in December, 1973.

The production of Silvex acid has been estimated by the company as
follows:

Years
1958-1961
1962-1966
1967-1971

Annual number of pounds
100,000-600,000
300,000-900,000
500,00-1,500,000

About 80% of the Silvex acid was converted to esters with the remaining
20% dried and packaged as a powder. Both of these operations also took
place in 267 Building.

D} Direct Esters
The Direct Ester Plant was a multi-product plant, block operated (one
product made at a time) to manufacture esters of 2,4-0, 2,4,5-T and
Silvex. The Direct Ester Plant was built in 1966, as an addition onto
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489 Building, and started up with the manufacture of 2,4-0 esters. A
building layout diagram for 489 Building is shown in Figure 5. In the
third quarter of 1967, 2,4,S-T ester production was initiated and
continued until February, 1979. In 1972, the production of Silvex
esters was initiated and continued until November, 1978. The Direct
Ester Plant was demolished in 1980. During the years of production,
2,4-0 esters represented approximately 50 to 80\ of the ester produced
in the Direct Ester Plant with the balance of production attributed to
2,4,S-T and Silvex esters. Table 3 summarizes the company's estimates
of the percent of the time the direct ester process was used to produce
2,4,S-T esters during each year.

Actual production records are no longer available for the period of
operation of this plant. Estimates of production levels (million
pounds/year) have been made by the company as based on evidence
available and are shown as follows:

1967-1971
1972-1979

2,4,S-T Esters
2 to 5
4 to 6

Silvex Esters
o

0.5 to 2.5

Some esters were sold directly to formulators but most were formulated
in 489 Building. Customers receiving technical esters included Amchem
(Union carbide) for 2,4,S-T esters and Chevron for Silvex esters. End
users of the formulations are not known since these were marketed
through distributors.

E) FOrmulations of Phenoxy Herbicides
The formulations and packaging operations for all 2,4-0, and 2,4,S-T
products have been located in 489 Building since synthesis began in
1950. Formulations and packaging of Silvex ester began in 1958, also
in 489 Building. Until the cessation of 2,4,S-T manufacture in 1971,
267 Building was the sole source of 2,4,S-T for amine formulations.
After the shut-down of the active ingredient plant, 2,4,S-T acid was
purchased as needed during the period from 1971 to abandonment of the
product in 1982. Purchases were made from Vertac Corporation (U.S.A)
and Chemic Linz (Austria).

Production records for the period of manufacture of the amine
formulation are not available except for the years 1980 through 1982.
However, all evidence indicates that the annual production rates varied
considerably from zero to as high as 500,000 pounds of active
ingredient formulated to amine products. From 1978 to 1983, less than
300,000 pounds of 2,4,S-T was formulated annually. No amines of Silvex
were produced for commercial markets by Dow. The production quantities
of 2,4,S-T and Silvex ester formulation during early years were not
recorded. During the period 1977-1982, the amount of technical esters
(as 2,4,S-T and Silvex) converted to formulated products ranged from
near zero to 1.8 million pounds per year for 2,4,S-T and zero to
650,000 pounds per year for Silvex.
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F) Ronnel
The manufacture of ronnel (0,0-dimethyl-0-(2,4,5-trichlorophenyl)­
phosphorothioate] was quite sporadic. Developmental quantities were
produced in 267 Building from 1955 to 1957. The process was moved to
338 Building in January 1957 and was block operated with Zytro~
(0-methyl-O-(2,4-dichlorophenyl)-phosphorothioate] which was
discontinued in 1965. A building layout diagram of 338 Building is
shown in Figure 6. A ronnel production run in 338 Building rarely, if
ever, e~ceeded si~ months operation in order to meet market demands.
ronnel production in 338 Building ceased in March, 1972 and 338
Building was subsequently demolished. Ronnel production was moved to
840 Building in March, 1973 and continued until December, 1977 when the
product was discontinued. A building layout diagram of 840 Building is
shown in Figure 7. Ronnel runs in 840 Building were even shorter than
those done in 338 Building. The 840 Building was dedicated to
manufacture of ronnel. Formulations of ronnel also were manufactured
in 54 and 326 Buildings.

Production records for ronnel during the period of its manufacture no
longer e~ist. From evidence gained through interviews with company
officials the following estimates of annual production are as follows:

1955-1957
1958-1965
1966-1970
1970-1977

up to 20,000 pounds/year
20,000 to 600,000 pounds/year
600,000 to 1.3 million pounds/year
1.3 to 2.2 million pounds/year

G) Erbon
The manufacture and esterification of Erbon
(2-(2,4,5-trich10ropheno~y)-ethy12,2-dichloropropionate] was conducted
in 441 Building starting in 1955 and continued until 1964. A building
layout diagram of 441 Building is shown in Figure 8. While the
manufacture of Erbon continued in 441 Building, the esterification of
Erbon was moved to 649 Building in 1965. 2,2-dichloropropionic acid
was also manufactured in 649 Building. The production of Erbon ceased
in December, 1974 and since that time the process has been dismantled
and replaced by totally different operations.

The manufacturing operations were performed sporadically on more or
less a seasonal basis. As a herbicide, manufacture for the season
generally occurred in the.months from February through May with the
length of a manufacturing run varying according to anticipated demand.
Actual production figures are no longer available. However, recall by
Dow management indicates that the ranges of annual production were:

1955-1960
1961-1965
1966-1974
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H) Oowicidee Antimicrobials
The 265 Building was constructed in 1935 with equipment to flake and d~y

pentachlorophenol (PCP) and tetrachlorophenol (TetCP) products installed
in 1936-1937. Actual commercial production of these products probably
began in 1937. For the time period 1935 to 1941, PCP and TetCP ware
produced in 206 Building on a developmental basis and piped to 265
Building for finishing.

In 1940, a building addition was constructed on to 265 Building to house
the chlorination facilities. Chlorination operations began in late 1941
in 265 Building with the TetCP and PCP processes. A building layout
diagram of 265 Building is shown in Figure 9.

Production of dichlorophenol was initiated in 1946 in 265 Building to
supply the growing demand for 2,4-0. The direct chlorination of phenol
to produce 2,4-dichlorophenol also produced 4-mono- and
2,4,6-trichlorophenol which required separation by distillation in
349 Building. Materials returned from 349 Building included the mixed
fractions of mono-, di- and trichlorophenols which were used as "penta
starters" in the TetCP and PCP processes. Small amounts of 4-mono- and
2,4,6-trichlorophenol were recovered for use and sale as Dowicidee

PCP was also produced in 466 Building from 1950 through 1966. This
process was the same type of process as the PCP process in 265 Building
and was used to supplement the PCP produced in 265 Building. A building
layout diagram of 466 Building is shown in Figure 10.

PCP was given the trade designation, Dowlcidee 7. PCP was also
reacted with sodium hydroxide to produce sodium pentachlorophenate
(NaPCP) which was given the trade designation, Dowlcidee G. TetCP
was given the trade designation, Dowlcidee 6, and was produced from
1941 until it was discontinued in 1974.

In 1965, a prilling tower was installed in 265 Building to produce PCP
prills. Flaked and prilled PCP products were co-manufactured until
about 1971 when the flaking operations were discontinued. The prilling
operation continued until 1978.

NaPCP was initially dried on double drum dryers which produced NaPCP as
powder. In 1966 the double drum dryers were replaced by fluid bed
dryers which produced NaPCP as a bead type product. The production of
NaPCP was discontinued in 1976.

In 1973, a distillation step was added to PCP production process. The
distillation took place in 349 Building and the PCP produced was given
the trade designation of Dowicidee EC-7. The entire PCP production
process was moved to 349 Building in 1978 and all PCP produced was
molded into blocks. PCP production ceased in December, 1980. No
'flaking or prilling of PCP was done for the time period 1978 through
1980.
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2,4,S-TCP and its sodium salt were also finished in 265 Building from
1946 through 1978, when the production of 2,4,S-TCP ceased. From 1946
to 1966, NaTCP was produced in 199 Building and acidified and distilled
in 349 Building. From 349 Building, the 2,4,S-TCP was finished by
flaking in 265 Building. In 1966, the 2,4,S-TCP processes were moved to
the 804 Building. The NaTCP produced was acidified and distilled in
804 Building eliminating the need to send the product to 349 Building.
2,4,S-TCP produced in 804 Building was finished by flaking in
265 Building. The flaked 2,4,5-TCP was given the trade designation of
Dowicid~ 2. 2,4,5-TCP was also reacted with sodium hydro~ide to form
NaTCP which was given a trade designation of Dowicid~ B. 2,4,5-TCP
produced in 804 Building was sometimes redistilled, in 349 Building,
before flaking, and was known as Hi-Purity TCP.

Other products flaked and dried in 265 Building included
ortho-phenylphenol (DOwicid~ 1) and its sodium salt (DOwicid~ A).
These products were produced in 265 Building from 1936 until 1976, at
which time these operations were moved to another building.

Production records for the chlorophenols are no longer available. In
general, there was no apparent "season" for the production of
chlorophenols, and manufacture was geared to demand. The recall of Dow
management indicates the approximate range of production was:

2,4,6-trichlorophenol
(DOwicid~ 25)

Tetra-and Pentachlorophenols
(DOwicid~ 6 and 7)

1946-74:

1941-46:
*1946-53:
*1953-66:

1967-78:

up to about 100,000 lb/year

up to 3 million lb/year
2 to 7 million lb/year
5 to 10 million lb/year
8 to 12 million lb/year

* Included production from 466 Building

The production records of 2,4,5-TCP as Dowicid~ 2 are no longer
available; but, the output of 265 Building has been estimated by Dow
management as follows:

1946-65:
1966-77:

50,000 to 300,000 lb/year as supplied by 199 Building.
500,000 to 3 million 1b/year as supplied by 804 Building.

Description of Department and Personnel Ooerations

Dow personnel are organized into organizational units. One or more
production processes make-up an organizational unit. By process, the
following subsections describe the organizational units and the job
titles in the organizational units for the production processes being
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studied. Appendix B, Tables 4 through 14 is a compilation of job titles
and descriptions for the processes of interest and will be referred to
throughout these subsections. Table 4, Generic Job Title Descriptions
lists generic job titles and descriptions which are applicable across
organizational units through the years. Whenever the word "generic"
appears in the job descriptions in Tables 5 through 14 use Table 4 to
obtain job descriptions for those job titles.

A) TCP Processes
Synthesis of NaTCP began in 1942 in 199A Building on a pilot plant
basis. It continued in pilot plant basis until 1945. During this time
period, the NaTCP process was part of the OCPN/PEA
(ortho-chloro-paranitroaniline/phenyl ethyl alcohol) organizational
unit. Table 5, Early 2.4.5-Trichlorophenol Operation Job Titles and
Descriptions, lists the job titles, dates the job titles were effective,
and a short description of the job titles relevant to the early NaTCP
process.

In 1946, full-scale commercial production of NaTCP began. The NaTCP
operation was located in 199 Building was a part of the Aniline
organizational unit. Table 6, Old 2.4.5-Trichlorophenol Operation Job
Titles and Descriptions, lists the job titles, dates the job titles were
effective, and a short description of the job titles relevant to the old
NaTCP process. Aniline production workers are included in Table 6
because the aniline process was in close proximity to the NaTCP process
and because workers of the aniline process also worked in the NaTCP
process.

Four operators, plus a head operator, were responsible for operating the
NaTCP process. These individuals also operated other processes in
199 Building, such as aniline and p-chloro-o-nitrophenol processes.
Host of the operators' time was split between NaTCP and aniline
production duties. The Reactor Operator was responsible for sampling
the waste oil, attaching the waste oil streams to dumpsters, or flushing
the stills.

The acidification and distillation of NaTCP to form 2,4,5-TCP was
performed in 349 Building. These operations were a part of the
Bisphenol organization unit from 1946 to 1965, changed to the
Chlorophenol organizational unit from 1965 to 1972, the Dowicidee

Still Operations organizati~nal unit from 1972 to 1978, and finally the
Pentachlorophenol Production organizational unit from 1978 to 1980.
Table 7, Chlorophenol Distillation Operation Job Titles and
Descriptions, lists the job titles; dates the job titles were effective;
and a short description of the job titles relevant to TCP acidification
and distillation. Also included in Table 7 are job titles involved in
the distillation of other chlorophenols which were produced in either
the 349 Building or the 265 Building.
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In June 1966, a new completely automated batch TCP process was put into
operation. This new TCP process was located in the 804 Building complex
and was known as the Trichlorophenol organizational unit.

Table 8, New 2,4.S-TrichloroDhenol Qoeration Job Titles and
DescriDtions, lists the job titles, dates the job titles were effective
and a short description of the job titles relevant to the new 2,4,S-TCP
process in. 804 Building complex. Two TCP operators per Shift, seven
days a week, were responsible for operating the new TCP process.
Supervisory and technical personnel were directly involved in plant
operations.

E) 2,4.S-T acid and Silvex acid and "Acid-Ester" Processes
Commercial production of 2,4,S-T acid began in 19S0 and continued until
1971 in 267 Euilding as a part of the Organic Semi-Plant organizational
unit. Table 9, 2,4,S-T Acid and Acid Ester and Si1vex Acid and Ester
Production Job Titles and DescriDtion, lists the job titles, dates the
job titles were effective, and a short description of the duties
associated with the job titles. Table 9 also lists the various
organizational units that these processes were a part of through the
years of their operation. Pilot plant operations of 2,4,S-T acid date
back to 1947. Four operators per shift ran the 2,4,S-T acid operations
seven days each week (four shifts per week). A fifth operator per shift
was added when the 2,4,S-T acid products were dried. A flow diagram of
the 2,4,S-T acid and 2,4,S-T acid ester processes is shown in Figure 14,
which also shows the various operators' areas of responsibility. The
Reactor Operator was responsible for operating the reactor where the
sodium salt of 2,4,S-T acid was produced. The Salt Wheel Operator ran
the centrifugation, bleaching reaction, and filtration operations. The
Acid Wheel Operator was responsible for the acidification operation and
a centrifugation. Both of these centrifuge operations were open and
were manually scraped out. The Ester Operator ran the esterification
reaction, a distillation process, a filtration process, and was
responsible for the storage of esters. The Dryer Operator ran the dryer
and packaged the crystalline 2,4,S-T acid. Packaging of 2,4,S-T acid
was done manually. The dried product was released from a hopper into
300-pound fiber packs and weighed. An exhaust ventilation hood was in
place, but the area was reported to be quite dusty. Job transfers into
and out of 267 Building were reportedly very common.

The Silvex acid process was operated in 267 Building from 1958 to 197!.
The equipment was independent from that utilized for 2,4,S-T acid and
ester production. Job titles and descriptions were similar to those of
the 2,4,S-T jobs, with the following exceptions. The Salt Wheel
Operator ran a steam stripper instead of a centrifug,e, and he also was
responsible for the acidification reaction. The Acid Wheel Operator ran
a filter box and centrifuge which were used for washing the Silvex
acid. He manually loaded the centrifuge by shovel. Figure 15, a flow
diagram of the Silvex acid and ester processes shows the operators'
areas of responsibility.
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C. 2,4,S-T, 2,4-0 and Silvex Esters bv the "Direct Ester" Processes and
Formulations
The 489 Building housed the "direct-ester" process for 2,4,S-T esters
and 2,4-0 ester from 1967 until February 1979. The production of Silvex
esters by this method was added in 1972 and terminated in 1978.

The same equipment was used for all three processes. Two operators per
shift, seven days each week were responsible for running the entire
"direct-ester" operation, They worked in all areas of the
"direct-ester" operation, mainly utilizing control panels.

Table 10, 2,4-0, 2,4,S-T, and Silvex "Direct-Ester" Production Job
Titles and Description lists job titles, dates job titles were
effective, and a ahort description of the job title. relevant to the
"direct-ester" operations. Table 10 also includes the job titles
associated with the various formulations which also took place in
489 Building.

D. Ronnel Process
The ronnel process was operated in 267 Building from 19S5 to 1957, in
338 Building 1957 to 1972, and in 840 Building from 1973 to 1977. This
process was small, utilizing only two operators, and was operated only
three months per year. There was no particular type of job to which the
ronnel operators moved during the other months. The procedure which was
generally followed in the Midland, Michigan facility involved "bumping"
less senior persons within the department first, so transferring to
other departments was less common. Table 11, Ronnel Production Job
Titles and Descriptions, list the job titles, dates job titles were
effective, and a short description of the job titles relevant to ronnel
operations for the years 1963 to 1977. The job titles, O-methyl/ron.
Operator (ljt63-70), clopidol Operator 1973, ronnel Operator (1974-77)
and Dursba~ insecticide Operator (1975-76) were the most likely to
operate the ronnel operations during those time periods. From Table 9,
the job titles, Prim. Pool Operator (1960-62), Spec. Pool Operator
(1961-63), Sr. Pool Operator (1960-63), and ronnel Operator (1970, 1972)
were the most likely to operate the ronnel operations during those time
periods. For the time periods from 1955 to 1959 the company was unable
to determine who worked on the ronnel operation.

E. Erbon Processes
The Erbon process was operated in 441 Building from 1955-1974. This
process was smaller than the ronnel process and operated on a seasonal
demand basis of about 3 to 4 months each year of its operation. There
was one operator per shift responsible of its operation. Table 12,
Erbon Production Job Titles and Descriptions, lists the job titles,
dates the job titles were effective and a short description of the job
titles relevant to the Erbon process. From this table, the Reactor and
Still operators were identified as working from 1961 to 1974 on the
Erbon process. For the time period 1955 to 1960, no specific job title
could be identified for the Erbon process.
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F. Dowicidee Processes
The Dowicide~ antimicrobial operations in 265 Building involved the
production of several different products including pentachlorophenol
(PCP), tetrachlorophenol (TetCP), 2,4,6-trichlorophenol (2.4.6-TCF).
2.4-dichlorophenol (2,4-0), and ortho-phenylphenol (OFF). These
chlorophenols were produced by direct chlorination of phenol, with
subsequent distillation. Drying and flaking operations for the above
mentioned products plus 2,4.5-TCP were also a part of the Dowicidee
processes.' PCP and TetCP were also produced in 206 Building on a pilot
plant basis from 1937 to 1941 and in 466 Building from 1950 to 1966.

The PCP and TetCF operations in 466 Building were supplemental to the
operations in 265 Building and were not run continuously. The PCF
process a.lso was ran in 349 Building from 1978 to 1980. PCP
distillation was conducted in 349 Building from 1973 to 1980.

Table 13, Dowicide~oductionJob Titles and Descri~tions, lists the
job titles, dates tha job titles ware effective, and a short description
of the job titles relevant to Dowicide- production in 265 Building
for the years the Dovicidee operations were conducted. Table 13
also includes job titles for ~~rker3 in 349 building for the years 1972
to 197iS.

Table 14, PCP Production Job Titles and Descri~tions, lists the job
titles, dates the job titles ware effective, and a short description of
the job titles relevant to PCP and TetCP operations in 466 Building for
the years those op~rations were conducted.

Descri~tion of the Per30nnel Records

The following record system! at Dov are maintain,sd independently by the
apJ'ropriate departm~ts: general personnel, payroll, group insurance,
medical, and workers' compensation.

The general personnel records for hourly and salaried employees ara
maintained by the Personnel Office. The records for current em;ployees
en~aged in menufacturin~ are located in the Employment Office of the
Michigan Division, and records fer administrative employees are kept in the
U.S. Area Employment Office. Three years after the separation of employees,
the records are transferred to the u.s. Record Center for long-term storage.

The records include the falloving:

1. Annual Census Lists - c~lete from 1940
2. Monthly Census Lists - complete from 1965
3. Work History cards - complete from 19~O

4. Personnel Files - destroyed six years after termination
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The annual census list shows, by department, all individuals assigned to
that department on January 1. The full list, therefore, records all
individuals employed at the Michigan facility on that date each year.
Individuals who worked in a department during a year, but not through
January 1 of that year, cannot be conveniently tracked. For each individual
the census list provides the master number, the clock number, name and job
classification. The master number is a unique life-time number assigned by
Dow, and is the primary source for identifying workers. Clock numbers are
reassisned after termination and are not as useful. Many of the job
classifications clearly describe the process to which a worker was assigned,
but other titles are general ones which require independent efforts to
decide whether it is possible to associate a worker with a particular
process. Monthly census lists, by department, exist from 1965 fOt~ard and
are similar to the annual lists.

Once the master number of an individual is known, the work history card can
be obtained. These cards are complete from 1940 forward and are kept for
75 years. They contain demosraphic information as well as a detailed
chronology of job status chanses and pay ehanses. Yellow typed eards were
used until 1963, when a computerized system was initiated for updating work
history cards. The computer tapes are regularly destroyed, but hard copies
of the updated work history records are maintained by the Personnel Office.
One differenee between the pre- and post-1963 cards is the absence of
person-to-notify data in the demosraphie information on the computer-made
cards.

The personnel files are kept only six years after separation. Active files
contain the application and transcript, hiring/personal data sheet, an
employee agreement, notices of transfer or status chanse or separation,
tuition refund information, long-term disability notices, and exit
interviews or appropriate comments. The sample files observed during this
site visit belonged to individuals terminated longer than three years; they
contained only an application form and the company status change
(separation) notice.

The medical records are maintained by the Medieal Department. This
department retains the reeords for 3 years after employee termination. The
reeords are then transferred to the long-term storage faeility, which
retains them for 7S years after termination.

The workers' compensation reeords are maintained by the Workers'
Compensation Offiee. These reeords are only retained briefly by this office
after employee termination. They are then transferred to long-term storage,
where they are kept for 2S years after termination.

Ho detailed information was obtained by .10SH about the payroll reeords or
the group insurance reeords.
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Several approaches could have been taken to identify the workers who should
be included in the Dioxin Registry, but the following method was used: The
master number of all workers ever employed in a relevant department was
obtained from the annual and/or monthly census lists. The work history
cards were then obtained and examined for relevant job titles. Workers
employed only in processes not of interest for the Registry were excluded by
a determination that no relevant job titles appeared on the work history
card. This approach required prior identification of all job titles
associated with the processes of interest. The company prepared this
information. Salaried and hourly individuals were separately identified.

Maintenance workers presented different problems. In January 19,68, thera
were 1,196 maintenance personnel at the Midland facility. Frior to 1969,
maintenance was a centralized operation, from which individuals work,ed in
all parts of the Michigan facility. From 1965 to 1969, the maintenance
organization was gradually reorganized into division-wide Field Service
Units (FSUs). As of July 1981, maintenance personnel have been assigned to
production departments. Because it was not possible to identify which
maintenance people worked in the departments of interest, maintenance
workers were excluded from the cohort with one exception, certain
maintenance wor}l;;,ers who were identifiable and were included in the cohort.
Flant mechanics were always assigned to each department, and these
individuals, who appear with the department on the census lists, were
included in the NIOSH cohort.

Descri~tions of the Frocesses

The processes used to produce TCF, TCP derivatives, FCP, and FCP derivatives
are listed in Appendix A, Table 1 along with the buildings in which they
were located, the products produced. and the years that the products were
manufactured. The following subsections contain descriptions of these
processes. including the operating conditions where available, the equipment
used for each step, and the operations of each step. Figures referred to in
these subsections can be found in Appendix C.

A) "Old" NaTCP Synthesis
The DoW' Chemical Company produced NaTCP in 199 Building using the
following raw materials: methanol (CH30H), caustic soda (NaOR)
(flaked, until 1962; flaked and aqueous solution, 1962-1966) and
1.2,4,S-tetrachlorobenzene (TeB). CH30H and water (H20) were used
as solvents in the process. Only one major change was made in this
process from start-up until it was shut down in 1966. This change,
made in 1952, involved the substitution of a coil reactor for the batch
"tumbling" reactor used in the dechlorination of TCB. A block flow
diagrem of this process is provided in Figure 11.
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The first step in this process occurred in the pre-heater. Methanol
and caustic were added to the pre-heater; sometimes water was added
when highly concentrated caustic solution or flaked caustic was used.
A reaction between the caustic and the methanol, which was present in
excess quantities, occurred as follows:

NaOH + CH30H ~<-----~) NaOCH3
(sodium methylate)

The resulting solution of methanol, water, and sodium methylate was
then pumped to the dechlorination reactor, which already had molten TCB
pumped into it.

As stated above, the dechlorination reactor was originally a batch
unit, but was changed to a continuous-flow coil reactor in 1952. The
contents in the dechlorination reactor underwent a two-step reaction
with the sodium methylate reacting with TCB to form sodium
2,4,5-trichlorophenate (NaTCP). The coil reactor was operated at 180°C
to 200°C (sometimes as high as 2IS0C). at 600 pounds per square inch
gauge (psig), and a retention time of 30 minutes (min). The exothermic
reaction proceeded by the following reaction mechanism:

Cl

Cl_¢P
Cl

(TCB)

Cl

+ NaOCH3

+ NaOCH3

_____~) Cl.JQrCl + lIaCl
Cl

(2.4,5-TCA)

llo.cqO(-)N~~+)

---~7 + CH30CH3
(dimethyl ether)

Cl
(HaTCP)

The by-product dimethyl ether (OME) was vented to the atmosphere. After
the 30 min retention period, the contents of the coil reactor, including
water, methanol, NaTCP, salt (NaCl), unreacted 2,4,5-trichloroanisole
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(TCA) , and TCDD (and any other dioxin isomers which might be forrne~),

were pumped to the alcohol recovery operation. The company believes
that the source of the TCDD in NaTCP and its derivatives was due to the
following reaction between two trichlorophenate ions during the
diehlorination step:

O-Na+ O-Na+

Cl 1 C::OCJ)C
") Cl 0 ClCl Cl

Cl Cl
(TCDD)

The company has measured levels of TCDD in its 2,~,5-TCF and its
derivatives (see Chemical and Toxicological Analyses of Froducts,
Frocess streams, and Wastes for Chlorinated Dibenzo(p)dioxins later in
the report).

The alcohol recovery step involved a steam stripping distillation which
removed most of the methanol and some water from the product-stream.
Water was pumped into the unit so that sufficient solvent was present to
keep the NaTCP and NaCl in solution. The methanol was recovere~ from
the product-stream and subsequently raused in future NaTCP batches. The
alcohol recovery step ~s operated at atmospheric pressure and a
t~erature no graater than lOSoC (2210 F). The product-stream
output from this step contained NaTCP, salt, water, some methanol, some
unreacted TCA, TCnD and any other chlorinated dibenzo(p)dioxins Which
might have been formed. The product-stream output was pumped from the
alcohol recovery to the ne~ process step. the decantation vessel.

In the decantation operation, the contents of the decantation vessel
wera permitted to settle, and two layers were formed. An oil layer,
composed mainly of TCA and believed by the company to contain most of
the dioxin contaminant, was pumped or pressure forced from the vessel
into closed dumpsters. The dumpsters were hauled to the Midland plant's
central incinerator unit • .mere the contents were burned. An aqueous
layer containtn~ NaTCP, salt, and residual methanol was pumped to the
ne~ purification step.

Fhenate strippin~ was the final step in the liaTeP process. In this
operation. the remaining methanol, methoxys. and lowsr chlorinate~

pbenols (mono- and di-) were stripped from the IisTep solution. 'n)e
strippin~ step was operated at atmospheric prassure and at a temperature
no !reater than lOSoC C221oF). The methanol removed was disposed of
in deep walls. The resulting aqueous 5eTCP solution. Which also
contained liaCl, was pumped to 3~9 Building for acidification and
finishing.
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B) "Old" TCP Acidification and Distillation

Dow Chemical produced 2,4,5-TCP in the 349 Building using an aqueous,
salt-containing, HaTCP solution, which was the product of the "old"
HaTCP synthesis process at the 199 Building and aqueous hydrochloric
acid (HCI). This process was not changed during the entire period of
use. Figure 12 provides a flow diagram for this process.

This process began with the mixing of the HaTCP solution and
hydrochloric acid in a reactor vessel. Once both solutions were pumped
into the vessel, a mildly endothermic reaction occurred, as shown:

O-Na+ OHClqCl + HCI ) + NaCl
C

Cl 1
(2,4,5-TCP)

The reaction proceeded essentially to completion. The contents of the
vessel were then allowed to settle, and layers formed. An aqueous layer
(consisting of water, salt, and any excess HCI) plus an organic layer
(consisting of 2,4,5-TCP and small amounts of impurities) were separated
by decantation. The 2,4,5-TCP was then transferred directly to 267
Building for use in the 2,4,5-T Acid or Silvex Acid Processes, or it was
pumped to a distillation unit for further purification. The bottoms
from this distillation contained methoxys and other chlorophenols
(besides 2,4,5-TCP). This mixture was pumped to dumpster tanks which
were hauled to the central incinerator, where the contents were burned.
The overhead product, purified 2,4,5-TCP, was transferred to 265
Building for use in the production of Dowicidee 2, or to 267 or
338 Building (depending upon the year) for use in the synthesis of
ronnel. 2,4,5-TCP was also pumped directly to the Hi-Purity TCP
Process, also located in 349 Building.

C) "Hew" TCP Synthesis
Dow Chemical produced 2,4,5-TCP in 804 Building complex using the
following raw materials: methanol, caustic solution, TCB, and HCl
(aqueous). Water and methanol were used as solvents in various stages
of the process. This process in 804 Building complex replaced the "Old
lIaTCP Synthesis Process" and the "Old TCP Acidification Process" because
it could be run with less risk of chloracne problems, it provided
additional capacity which was needed, and 'it was a more efficient
process. The process was an automated, batch process and was not
changed significantly during the period of its use. A block flow
diagram of the process is shown in Figure 13.
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The first step of this process involved a three step reaction which
occurred in a closed, agitated, jacketed, batch reactor. TCE and
methanol were pumped to the reactor and while the reaction proceeded,
caustic solution was continuously added. Water also was used as a
solvent. The following sequence of reactions took place, with the
dechlorination of TCE being highly exothermic:

Cl

Cl

Cl

+ NaOCH3
) CI

+ NaCl

Cl Cl
(2,L;,5-TCA)

)Vel
CIY

Cl

This reaction occurred at an operating temperature of less than or equal
to 15ZoC (30S0F) and a pressure of less than 300 psig.

The resulting solution contained water, salt, NaTCP, TCA (because the
reaction does not proceed to completion), and methanol. Hethanol had
been added in excess of the stoichiometrically required amount so that
enough methanol would be present to act as a solvent for the sodium
methylate intermediate. The DME by-product was vented to the atmosphere.

The solution was pumped to the next step in the process, the decantation
vessel. In the decantation vessel, two layers formed, an organic layer
consisting mainly of TeA and an aqueous layer containing NaCl, NaTCP,
and methanol. This step wa~ operated at a te~erature less than l05 0 C
and at atmospheric pressure. The organic layer, or "waste oil," was
pumped from the decantation vessel and transferred to the Midland
facility's central incineration unit for burning. This was usually
accomplished by pumping the oil into dumpsters which ware hauled to the
incinerator.
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The aqueous stream from the decanting vessel was pumped to the alcohol
recovery step. It is significant that the order of the decantation Qnd
alcohol recovery steps were reversed as compared to the "old" NaTCP
process. This was done so that any dioxin contaminants produced in the
reactor would be removed as early as possible in the process. Most of
the TCDD contaminant produced was separated out with the "waste oil."
The alcohol recovery step involved distillation which removed most of
the methanol from the aqueous stream. This was accomplished at a
temperature'of less than lOSoC and at atmospheric pressure. The
recovered methanol was recycled to the batch reactor where it was used
in subsequent batches. The bottoms product, an aqueous solution of salt
and NaTCP containing some impurities, was pumped to the phenate
stripping operation for further purification. This purification
operation removed "waste oil" from the product stream, by distillation.
This "waste oil" was disposed of in the same manner as the waste oil
from the decantation step. The product stream, an aqueous solution of
NaCl and NaTCP, was pumped to the acidification reactor for next step in
the process.

The acidification of NaTCP to form 2,4,S-TCP was included in the "new"
TCP process, which was a departure from the procedure used in the "old"
NaTCP process; the "old" TCP acidification was a separate process in a
separate building. In this step, aqueous HCl was added to the vessel
containing the aqueous solution of NaTCP and NaCl. A reaction between
NaTCP and HCl occurred, as shown:

Cl

+ HCl )
Cl

Cl

+ NaCl

The resulting solution of 2,4,S-TCP, NaCl, water, and any excess Hel was
pumped to a decantation vessel where the contents were allowed to
settle. Two layers, an organic layer of 2,4,S-TCP which contained some
residual NaCl and an aqueous brine containing any excess HC1, were
formed and then separated. The 2,4,5-TCP layer was pumped to another
vessel where it was mixed with water. The residual NaCl content of the
2,4,5-TCP dissolved in the water, and the vessel contents were then
allowed to settle. After the aqueous and organic layers formed, a
second decantation was performed. The "waste brine" (salt water)
solutions decanted from each of the last operations were combined and
pumped to a deep well disposal. In later years, the "waste brine" was
carbon treated and sent to the waste treatment plant. The 2,4,S-TCP
product was ready for use in the production of any of the 2,4,S-TCP
derivatives.
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D) 2,~,S-T Acid Synthesis
Dow Chemical produced 2,~,5-T acid in 267 Building using the following
raw materials: 2,~,5-TCP, caustic solution, sodium monochloroacetate
(NaMCA), sodium hypochlorite, and HCl (aqueous). Water was used
extensively as a solvent in this process. The process remained the s~~e

from its start-up until its eventual replacement by the "direct-ester"
process; there ware no major changes during the years it was operated.
The maximum temperature achieved at any point in this process was l05 c c
(221 C P). The operating pressure at all steps Was approximately
atmospheric pressure, as the vessels were vented to the atmosphere.
Otherwise, each vessel was entirely closed while in operation except for
the centrifuges, the dryer outlet, and the adjacent packaging
operation. A flow diagram of this process is provided in Figure 14.

The first step in the synthesis process involved a two-step reaction.
Water (the solvent), caustic solution and 2,4,5-TCP were pumped to the
reactor vessel. The 2,4,5-TCP was neutralized by the caustic in the
following exothermic reaction:

Cl

OH

+ NaOH )

Cl

O-wa+
Cl

Cl Cl
The resulting sodium salt (NaTCF) then reacted with the NaMCA, which was
added after the formation of NaTeP, to form sodium
2,4,5-trichlorophenoxyacetate (Na 2,4,5-T) via the following endothermic
reaction:

Cl

Cl

,9
+ CI-CH2-C{

O-Na+
(NaMCA)

Cl
(Na 2,4,5-T)

The resulting aqueous solution containing Na 2,4,S-T, NaCl, water,
unreacted NaTeP and 2,4,5-TCP was cooled. The Na 2,4,5-T crystallized
when cooled, while the other products tended to remain in solution. The
entire slurry was pumped to 40 inch basket centrifugal filters to remove
most of the aqueous solution of NaCl from the crystalline Na 2,4,5-T.
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The centrifuge was an open unit, and the Salt-wheel Operator used a tool
to manually plow out the crystalline Na 2,4,5-T which dropped to a tank
below. The wet Ha 2,4,5-T, which still contained some unreacted NaTCP
and TCP and small amounts of NaCl, was reslurried in water and pumped to
a reactor vessel.

The bleaching operation was the next step in the process. Sodium
hypochlorite was pumped to the vessel, and reactions occurred which
converted the unreacted NaTCP and TCP into water soluble by-products
(non-aromatics). The slurry of Na 2,4,5-T in an aqueous solution
containing residual NaCl and other water-soluble by-products was then
pumped to a filtration process.

For the filtration process, the product stream was heated to re-dissolve
the Ha 2,4,5-T into solution. This solution then ran through a
"polishing filter" which removed color impurities (probably iron
compounds). The filtered solution of water, Ha 2,4,5-T, and
water-soluble by-products (including residual NaCl) was pumped to
another reactor vessel.

HCl (aqueous) was pumped to the reactor vessel after the Na 2,4,5-T
solution had been added. The 2,4,5-T acid product was formed via the
following reaction mechanism:

CI

Cl

+ HCI
CI

+ NaCl

Cl
(2,4,5-T acid)

The 2,4,5-T acid was insoluble in water, therefore it crystallized. The
resulting slurry, consisting of 2,4,5-T, an aqueous solution of salt
by-product, and other water-soluble by-products carried through from the
preceding steps (especially the bleaching operation), was pumped to a
final centrifusation step.

Centrifusation was the final step for all of the 2,4,5-T acid produced.
The slurry entered a 48 inch basket centrifugal filter where the aqueous
solution of salt and other water-soluble materials were separated from
the 2,4,5-T acid crystals. The Acid-wheel Operator used a plow to
manually work the materials in the centrifuge. After beins manually
removed from the centrifuge, the wet 2,4,5-T was transferred either to
the Acid-Ester Process or to the dryer. About 70-75~ of the 2,4,5-T
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acid manufactured was further processed to esters, about 5~ was
converted to amine salts formulations, and the balance was sold as dry
powder.

The flash dryer was an enclosed heating unit with a closed recirculating
air system. All residual moisture was removed from the 2,4,5-T acid
crystals by this unit. The dryer conveyed dry 2,4,5-T acid into a
packaging hopper at the packaging station.

Packaging of 2,4,5-T acid was an "open", manual operation. Dust
e~osure was characteristic of this operation. The dryer operator
loaded each Fibre-Pak into position under the hopper outlet and on a
scale. The operator then attached a fle~ible hose from the hopper to
the top of the drum, and controlled the flow of 2,4,5-T acid into the
drum. When the proper package weight was reached, the operator stopped
the flow, removed the drum from the station, and clamped the fibre-Pak
lid in place. Drums of 2,4, 5-T acid were then transported to the
warehouse.

E) Silve~ Acid Synthesis
Dow Chemical produced Silve~ in 267 Building using a process very
similar to the process used to produce 2,4,5-T acid. A flow diagram of
this process is provided in Figure 15. This process was not
significantly changed during the years it was in operation. There were
several specific differences between the Si1ve~ and 2,4,5-T acid
processes, and these are explained in the following paragraphs; the
processes were othe~dise identical.

The first and most iIn1='ortant difference between these processes was the
identity of the chamlcal cOIn1='ounds involved. Silve~ (also kno'~ as
2,4,5-TP) has a chemical structure of

~3 //
O-CH-C,

C1 OR

Cl

Cl
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as opposed to 2.4.5-T's

C1

C1

Sodium alpha-mono-chloropropionate was used as the reacting agent for
producing Si1vex instead of sodium monoch10roacetate used to produce
2,4,5-T. Analogous propionic-substituted compounds occurred as
intermediates in the Si1vex process in place of all acetic-substituted
compounds found in the 2,4,5-T acid process.

Another difference between the processes was the use of a
steam-stripping operation in the Si1vex process in place of the first
centrifugation found in the 2.4.5-T process. Because the sodium salt of
Si1vex (Ha-Si1vex) was more soluble than the salt of 2.4.5-T. too great
a portion of the Ha-Si1vex would be lost with the waLcr ~olubl0

by-products if 'the stream was centrifuged.

The lack of a polishing filter in the Si1vex process was another
difference between the two processes. This difference also made the
intentional re-dissolving of the Na-Si1vex crystals unnecessary at this
point in the process.

Another major difference between the processes was the replacement of
the second centrifuge found in the 2.4,5-T process with a two-step
separation procedure in the Si1vex process. The slurry consisting of
the Si1vex and the aqueous solution of by-products entered an open box
filter where it was manually spread out by the Acid Wheel Operator. The
acid product was trapped and the aqueous solution ran out the bottom of
the unit. The Acid-Wheel Operator then shoveled the wet Si1vex filter
cake into a small 20 inch centrifugal basket filter where it was washed
with water. The operator used a tool to manually work the materials in
the centrifuge. SUbsequently, the wet Si1vex was transferred to the
dryer or to the esterification ("acid-ester") process. Approximately
80~ of the Silvex produced was esterified and the remaining 2~ dried
and packaged.

The final difference between the two processes involved the type of
dryer used. The Si1vex process made use of a tray dryer. The wet
Si1vex acid was laid out manually by the Dryer Operator into 4 ft. x 4
ft. trays. Dry air maintained below lOOoC (2120F) was blown across
the surface of the wet Si1vex removing the moisture to the atmosphere
above the building roof.
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F) Acid-Ester Synthesis
Dow Chemical produced various esters of 2,4,5-T, Silvex an~ 2,4-D using
the Acid-Ester Process. The raw materials for this process included one
of the three acids listed above, and one of several alcohols. The
2,4,5-T, Silvex, and 2,4-D were the products of the 2,4,5-T Acid, Silvex
Acid, and 2,4-0 Acid Processes, respectively at the Midland site as
previously discussed in this report. The Acid-Ester Process was not
significantly altered during the time which it was operated. The
Acid-Ester'Process at 489 Building (which produced 2,4-0 esters and
2,4,5-T N-butyl ester) and the Acid-Ester Process at 267 Building (Which
produced 2,4,5-T esters other than the N-butyl ester, and Silvex esters)
are both included in the description to follow. The following
paragraphs describe the production of esters of 2,4,5-T. Howsver, this
description also applies to the production of Silvex esters and 2,4-D
esters except for the obvious differences in chemical structure between
each of these substances. The chemical structure of 2,4-D is:

CI

The appropriate propionic-substituted cO!llpound would replace, at each
step in the production of Silvex esters, the acetic-substituted compound
found in 2,4,5-T production. Similarly, the appropriate dichlorinated
compound would replace, at each step in the production of 2,4-0 esters,
the trichlorinated compound found in the production of 2,4,5-T.
Figures 14 and 15, respectively, depict flow diagrams for the 2,4,5-T
Acid and Silvex Acid Processes. The segment of each diagram which
applies to the Acid-Ester Process corresponds to the Ester Operator's
area of responsibility in these figures.

The first step in the esterification of 2,4,5-T acid involved the
reaction between 2,4,5-T acid and one of the following alcohols:
isooctyl alcohol, butanol, or Dowanol PIB (a mixture of butyl and
isobutyl ethers of propylene glycol). Butanol was never us!ed with
Silvex. Wet 2,4,5-T acid plowed from the final centrifugal bask,et
filters dropped down to a screw conveyor which transported it to the
ester reactor. An alcohol and a catalyst were added to the 2,4,5-T acid

-23-



in the ester reactor.
endothermic reaction:

Cl

Cl

The mixture was heated to start the following

+ ROH
(alcohol)

Cl

Cl
(2,4,5-T ester)

During the reaction period, the water produced was continuously removed
by azeotropic distillation with the alcohol refluxed back to the
reactor. When the reaction was completed, the excess alcohol was
evaporated from the ester. FinallY,the ester was filtered through a
"polishing filter" which removed small amounts of organometallic
impurities and improved the clarity of the ester. Once the esters were
filtered they were pumped to a tank farm for storage.

G) Direct Ester Synthesis
Dow Chemical produced various esters of 2,4,5-T, Silvex, and 2,4-0 using
the Direct-Ester Process. The Direct-Ester plant was a multi-product
block operation located at the northeast end of 489 Building. The
process differed from the conventional processes for phenoxy ester
manufacture in that the final product was produced without having to
manufacture the parent phenoxyalkanoic acid. One product (an ester of
one alcohol and one of these phenoxyalkanoic acids) could be made at one
time. The raw materials used in this process included the following
substances: caustic solution, HC1, TCP (when 2,4,5-T or silvex esters
were being produced), 2,4-dichlorophenol (DCP) (when 2,4-0 esters were
being produced), alcohol ester of monochloroacetic acid (when 2,4,5-T
and 2,4-0 esters were being produced), or an alcohol ester of
alpha-monochloropropionic acid (when Silvex esters were being
produced). The alcohol ester of monochloroacetic acid (MCA) has a
chemical structure:

and the alcohol ester of alpha-monochloropropionic has a chemical
structure:

CH3
I /to

Cl-CH-C
'OR

-24-



In each structure shot<in, "R" is a group derived from ROH, Which
represents the alcohol used to produce the ester. The alcohols used
included butyl, isobutyl, and mixtures of these; Dowanol PIB (a mixture
of butyl and isobutyl ethers of propylene glycol); Dowanol EB
(2-butoxyethanol); and isooctyl alcohols. The same alcohol (ROH) used
to produce the MeA ester or 2-CP ester was used in the direct-ester
process as a solvent. The process was not significantly chan~ed during
the years it was operated. All operations in the process were conducted
at temperatures equal to or less than l050 C (2210 F), except as
specifically noted. The fully automated process was operated in glass
lined enclosed vessels from the first step through the final
distillation. The paragraphs that follow describe the production of
2,~,5-T esters, Which have a chemical structure of:

Cl

Cl

but the description also applies to the production of Silvex esters,
Which have a chemical structure of:

CHg
, ~O

O-CH-C
'OR

Cl

CI

Cl

and 2,~-D esters, which have a chemical structure of

CI
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The only parameter in the process which changes as the product changed
was the chemical formula of the chlorophenol and/or its chlorophenoxy
derivatives. This change can be seen by comparing the chemical
structures of the products and raw materials listed above. The
Direct-Ester Process was so named because it permitted the synthesis of
an ester of a chlorophenoxyalkanoic acid directly from the appropriate
chlorophenol without the isolation of the chlorophenoxyalkanoic acid.
Flow diagrams are shown in Figures 16 and 17 for 2.4.5-T direct ester
and Silvex direct ester processes. respectively.

The first operation in the direct esterification of 2.4.5-T esters was a
reaction to neutralize the 2.4.5-TCP. Caustic solution. 2.4.5-TCP, and
alcohol as a solvent (either isooctyl alcohol. butanol. Dowanol PIB. or
Dowanol EB). were pumped into a reactor vessel. An exothermic reaction
occurred between the caustic and the 2.4.5-TCP. via the following
reaction mechanism:

OH

Cl

Cl

Cl

+ NaOH )

Cl

Cl

The resulting solution of NaTCP. alcohol. and water was pumped to the
next step in the process.

Azeotropic distillation to remove the water from the product stream was
the next step in the process. This water was pumped to the water
treatment plant. The azeotropic distillation operated under vacuum. and
produced an overhead product mainly consisting of water. with the
alcohol being refluxed back to the product stream. The remaining
bottoms-product stream. consisting of NaTCP and alcohol. was pumped into
the reactor vessel.

The alcohol ester of MCA acid was added to the reactor vessel. This
compound reacted with the NaTCP via the following reaction mechanism:

Cl

O-Na+
,/

O-CH=C

¢!
'OR

Cl
/O-Na+ --4.

+ CI-CH=C
'OR Cl

Cl
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NaTCP was used in excess and therefore some unreacted NaTCP remained at
the end of the reaction step. The resulting solution of 2,4,S-T ester,
NaTCP, NaCl, and alcohol were pumped to another vessel for decantation
and NaTCP reclamation.

In the decantation vessel the mixture was allowed to settle and form
organic and aqueous layers. The aqueous layer containing NaCl, NaTCP,
and small amounts of alcohol (which was slightly miscible with water)
was decanted off into an acidification vessel.

HCI was pumped into the acidification vessel and following reaction took
place between the NaTCP and HCl:

Cl

Cl

+ HCI

Cl

CI

+ NaCl

Following this reaction the contents were alloW2d to settle forming an
aqueous layer (containing NaCl and HC1) and an oteanic layer (containing
2.4.5-TCP). The 2,4,5-TCF was decanted off and recovered for reuse.
The aqueous layer was sent to deep well disposal and in later years to
the water treatment plant for disposal.

The organic layer containing 2.4.S-T esters and alcohol from the first
decantation was pumped to a distillation unit. The distillation unit
was a steam stripping operation which removed the e~cess alcohol. The
distillation unit was operated at temperatures up to IS00 C (3020 F)
and under a vacuum. At these elevated temperatures. the retention time
was minimized and alkalinity conditions were optimized. Automatic
computer control equipment was installed for this step in 1976. The
alcohol removed in this step was recovered for reuse.

The final step in the process involved an activated charcoal filtration
system. which was added in 1976. The 2.4,S-T ester was pmnpied from the
distillation unit to the activated charcoal filtration system whlere
organic impurities, particularly dio~ins. were removed from the 2,4,5-T
esters by the activated charcoal. The activated charcoal was changed
each time a different product was to be produced. The spent charcoal
was incinerated.
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Following the charcoal filtration the 2,4,5-T esters were pumped to a
quarantine tank. The quarantine tanks were dedicated check tanks where
the various direct ester products were held while samples from the tanks
were analyzed for TCDD. Dow set a self-imposed standard for TCDO
content (see Chemical and Toxicological AnalYses of Products, Process,
and Wastes for Polychlorinated Dibenzo-p-dioxins and Chloracnegens for
details on specifications used for product TCOD content).

When a given' batch of direct esters met the Oow TCDD standard
specification it was pumped from the quarantine tank to the tank farm
storage area where it was sold or used for formulations.

H) Formulation and Packasins
Dow Chemical formulated and packaged various products based upon 2,4,5-T
acid, 2,4-D acid, the various esters of these two compounds, and the
esters of Silvex. Esters of 2-methyl-4-chlorophenoxyacetic acid (MCPA)
were also formulated. The 2,4,5-T and 2,4-D acids were formulated into
aqueous amine formulations. 2,4-D acid, dimethylamine, ethanolamine,
and isopropanolamine were used as raw materials to formulate
2,4-dichlorophenoxyacetic acid dimethylamine salt,
2,4-dichlorophenoxyacetic acid ethanolamine salt and
2,4-dichlorophenoxyacetic acid isopropanolamine salt, respectively.
2,4,5-T and triethylamine were used to formulate
2,4,5-trichlorophenoxyacetic acid triethylamine salt. Surfactants and
chelators were also added to amine formulations of both 2,4-0 and
2,4,5-T. Beginning in 1971, all 2,4,5-T acid used in the amine
formulation process was purchased from Vertac Corporation (U.S.A.) and
Chemie Linz (Austria). Dow Chemical required that all 2,4,5-T acid
supplied by these companies contain less than 0.1 ppm of TCDDi all of
the material received and used met this specification. Raw materials
for each ester formulation included one of the above named technical
esters. petroleum solvents, emulsifiers, and surfactants. The
formulation and packaging processes were not significantly changed over
time of operation. The formulation steps were simple mixing operations
conducted in enclosed vessels. Elevated temperatures and pressures were
not used. A block flow diagram of the formulation and packaging
operations may be found in (Figure 18).

amine
chelator into
the following

1

Cl

) CI

Cl

Cl

Cl

Amine formulations were produced by introducing an aqueous
solution, either 2,4,5-T or 2.4-D acid, a surfactant and a
the amine formulation vessel. The contents were mixed and
reaction occurred:

~0-CH2-C
OH
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"R" represents one of many possible substitute groups. This reaction
mechanism depicts the formation of an amine salt of 2,4,S-T, but an
analogous reaction with 2,4-D. No amines of Silvex w,ere proc1uced for
commercial markets.

Th,e process of formulating the ester products involved a simple blending
procedure where technical esters were dissolved in petroleum solvents;
emulsifiers and surfactants also were added. rne blending occurred in
ester formu'lation tanks.

The amine and ester formulations were conducted in stirred tanks and
block operated. The tanks were not dedicated to any given amine or
ester formulation; instead, all amine formulations were done in the same
tanks and all ester formulations were done in separate set of tanks.

After a product was formulated, it was pumped to one of several
packaging locations. The first location to which a product could be
sent was directly to a tank car for shipment. The second location was
the 30- and 50-gallon drum filling line. This operation was under
constant supervision of the operator. The fill nozzle was mechanically
inserted into the drum under the control of the operator. The operator
watched the filling to insure that the drum did not overflow. The drums
were capped and transported to the warehouse. The remaining two
locations to Which a formulation might have been p~ed were the
5-gallon and I-gallon packaging lines. Eoth were fully automated.
Containers moved along the line while the container to be filled was
positioned under the fill nozzle. The nozzle was automatically inserted
into the container and a pre-determined amount of liquid was injected
into the container. Each container was capped. The I-gallon containers
from the high-speed line were boxed and transported to the warehouse.
The 5-gallon containers were also transported to the warehouse. Years
ago, the filling of the various containers just described was done
manually but the company is not sure when these operations were
automated.

I) Ronnel Synthesis and Formulation
Dow Chemical synthesized ronnel using the following raw materials:
2,4,5-TCF, caustic solution (NaOR),
O,O-dimethylphosphoro-chloridothioate (DHPCT), HCl. Water and methylene
chloride (HeC12) were used as solvents at various steps in the
process. This process was t:lot significantly changed during its years of
production. The t~arature at each step in this process did not exceed
105 c C (221°F). e~cept as specifically noted. A flow diagram of this
process is shown in Figure 19.
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The initial step in this process was the neutralization of 2,4,S-TCP.
NaOH in excess, 2.4.· -TCP, and water were added to a reactor. and the
following exothermic reaction occurred:

OH

CI

CI

+ HaOH '")
CI

CI Cl

This reaction occurred at approximately atmospheric pressure, and the
temperature was controlled to approximately lOS·C (22l e F). The
2.4,S-TCP used in this reaction was partially composed of recycled TCP
from the TCP recovery step discussed later in this subsection. The
resulting solution of water and NaTCP was then ready for the next step
in the process.

The esterification reaction was the next step. DKPCT and the solvent
KeCl2 (some of which was recovered solvent from a distillation
discussed later in this subsection) were added to the aqueous HaTCP
solution. The HaTCP reacted with the DKPCT to form crude ronnel. as
shown:

S OCH3
~/

P

O-Na+ / '"OCH3
Q

CI
S~ JOCH3

+ /p\ } + HaCl

CI Cl OCH3
(DKPCT)

CI CI

This reaction was endothermic. The solution resulting from this
reaction contained water. unreacted HaOH. unreacted HaTCP. HaCl.
KeCI2. and ronnel. This solution was pumped to a decantation vessel.

The solution was allowed to settle in the decantation vessel. An
aqueous layer and a KeCl2-based organic layer formed. The aqueous
layer. containing HaCl. unreacted HaTCP. and small amounts of KeCl2
(which is slightly soluble in water). was decanted to the TCP recovery
operation. The KeCl2-based organic layer. containing crude ronnel and
a small amount of HaCl was pumped to the next step in the process.

This step involved washing and centrifugation of the organic layer to
remove the remaining HaCl. Water was added to the organic rayer and the
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solution was cooled to below 410 C (106°F). Tne ronnel crystallized
at this temperature. The centrifugation was performed at this point.
The brine was removed by this step and pumped to the waste water
treatment facility. The remaining solution of MeCIZ and ronnel was
then pumped to a final distillation process.

A simple distillation removed the MeCIZ from the ronnel in the final
step. The s~lution was heated to a temperature of less than lOSoC
(Z210 F). The MeCIZ boiled off as an overhead where it was recycled
to the esterification reactor for reuse as a solvent. The resulting
molten ronnel solution was either pumped to 50 gallon drums and allowed
to solidify, or pumped to the ronnel formulation process.

The aqueous phase from the decantation operation (discussed above) was
pumped to an acidification/decantation vessel for the recovery of
Z.4,5-TCF. HCI was added. and a reaction occurred between the unreacted
NaTCP and the HCl, as follows:

Cl

+ HCL

OH

CI
+ NaOH

CI

Any unreacted NaOH present from the initial reaction in the process was
neutralized as follows: NaOH + HCl NaCl + H20. The
resulting solution of 2,4.5-TCF, NaCl, water, and a small quantity of
MaClZ was allowed to settle to form aqueous and 2.4,5-TCP layers. rne
aqueous layer, containing NaCl (and a very small quantity of MeClZ)
was decanted off and pumped to the waste water treatment facility (after
being combined with the waste brine from the washing and centrifugation
discussed above). The 2,4,5-TCP layer, which also contained a very
small quantity of MaC1Z' was decanted and pumped to the initial
reactor vessel for re-use as a raw material (see above discussion).

Dow Chemical formulated products containing ronnel. The materials used
included ronnel and one of several inert materials. This process was a
simple mixing operation, and was never significantly changed. Tha
process consisted of adding ronnel and an inert material to a
formulating vassel. mixing the contents. and transporting the
formulation to a packaging operation.

J) Erbon Synthesis and Formulation
Dow Chemical produced Erbon. a coined nama for the chemical
[2-(2.4.5-trichloropheno~)-ethylZ.Z-dichloropropionate). Erbon was
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the active ingredient of Erbon R and Baron formulations. Erbon was
produced and formulated in 441 Building from 1955 to 1964. From 1965 to
1974. the esterification and formulation was done in 649 building;
production of Erbon continued at 441 Building during this time. Erbon
manufacturing was performed sporadically on a more or less seasonal
basis generally between the months of February and Kay. In 1974 Dow
sto~ped manufacturing Erbon. A flow diagram of the Erbon process is
shc-n in Figure 20.

Erbon was produced using the following raw materials: 2.4.5-TCP.
ethylene oxide (EtO). and 2.2-dichloropropionic acid. The first step in
this process involved a reaction with molten 2.4.5-TCP and EtO in a
closed agitated kettle. This was a batch type reaction with the
following exothermic reaction occurring:

Cl
Cl

Cl
/0,

+ CHZ-CHZ
(ETO)

The duration of this reaction. the temperature and the pressure at which
the reaction took place are not known by Dow personnel. Once this
reaction was complete. 2.2-dichloropropionic acid was added to esterify
the [2-(2.4.5-trichlorophenoxy)ethanol] intermediate. The following
reaction mechanism took place:

Cl

Cl

8 ......... CH3
O-CH2-CH2- -C-CC12

Cl

Cl

After the esterification step. adjuvants and a solvent (i.e. kerosene)
were added to the contents in the agitated kettle to produce a
marketable formulation. These formulations were packaged in 2. 5. and
50 gallon containers. All the equipment used to produce and formulate
Erbon was block operated as a multipurpose chemical process.
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K) Dowicid~ Synthesis. Finishino. and Packaoino of Dowicid~
~.ntimicrobials

Dow Chemical produced several chemical compounds known as Dowicid~

ant~icrobials in 265/349 8uildings. The following is a list of
Dowicid~ ant~icrobials, their chemical, names and the years of
production.

Dowicid~ 2 = 2,4,5-trichlorophenol (1946-1978)
Dowicid~ 8 = sodium 2,4,5-trichlorophenate (1946-1977)
Dowicid~ 25 = 2,4,6-trichlorophenol (1946-1974)
Dowicid~ 6 = tetrachlorophenol (1937-1974)
Dowicid~ 7 and EC7 = pentachlorophenol (1941-1980)
Dowicid~G = sodium pentachlorophenate (1941-1976)

Other than Dowicid~ 2 and 8, the above Dowicid~ Products were
produced by direct chlorination of phenol under elevated temperatures
and pressure. The following discussion will describe the procedure for
producing pentachlorophenol (PCP), and from this a discussion of how
the other Dowicide~were produced.

The raw materials used in the production of PCP were phenol, chlorine
gas (Clz), and aluminum chloride catalyst (AI Cl3 ). The production
of PCP was a batch type process. A flow diagram of the PCP production
process is shown in Figure 21.

The first step in the PCP process involved the drying of phenol to
remove any residual water that may have been present. This particular
step took place only from 1978 to 1980. Eefore 1978, the phenol drying
was not conducted.

Ne:!t, phenol was added to the first chlorinator. The first chlorinator
was a closed steel vessel equipped with a gas vent collection system.
Once the phenol had been added, ClZ was bubbled through it. The
following reaction mechanisms took place producing a mi:!ture of mono-,
di-, and trichlorophenols:

OR

o
OH

0
Cl

+ HCl

(2-chlorophenol)

OH

0 + Hcl

Cl
(4 chlorophenol)
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(2,4-dichlorophenol)

Cl
(2,4,6-trichlorophenol)

OH

O
Cl

+C12

OH

Cl

OH

¢r~

Cl

+ HCl

+ HCl

These reactions were carried out at approximately 60-700 C
(140-1530 F) and 25 psig. Approximately 94~ of the contents in the
first chlorinator at the end of chlorination was 2,4-dichlorophenol and
6~ was 2,4,6-trichlorophenol. Very little 2-chlorophenol or
4-chlorophenol was present. The duration of this chlorination for a
full batch took approximately 60 hours to complete, but also depended on
the amount of phenol being chlorinated. The hydrogen chloride (HCl)
produced during chlorination was vented out to a vessel where it was
neutralized with caustic to form a brine which was deep well disposed.
After 1978, the HCI gas produced was extracted with monochlorobenzene
and used elsewhere in other processes.

The contents from the first chlorinator were pumped to the second
chlorinator where AlCl3 was added and Cl2 gas was bubbled throughout
the contents. The temperature of the second chlorinator was gradually
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raised to approximately 16SoC (329°F) with a pressure maintained at
approximately 25 psig. The following reaction mechanisms took place:

Cl
(2.3.4,6-tetrachlorophenol)

Cl

+ C12

OR

ClO ClAlCl3

)
Cl

+ HCl

OH

Cl~Cl

·Y'Cl
Cl

+ Cl2 )

OH

Cl~Cl +HCl

Cl~Cl
Cl

(pentachlorophenol)

These reactions did not go to completion; tetrachlorophenol persisted
during the reaction and was carried with the PCP during subsequent
processing. For example, technical grade PCP contained 4 to 12~

tetrachlorophenol. Which was listed as a active ingredient in the PCP
product. The HCl gas generated in the second chlorinator was handled in
the same manner as the HCl gas generated in the first chlorinator.

The contents from the second chlorinator were pumped to a distillation
unit where lower chlorinated phenol (such as di- and trichlorophenols)
and any contaminants were boiled off and either recycled back to the
first chlorinator or disposed. The distillation operation took place at
approximately 230°C (446 0 ) and under a slight vacuum. This step was
added to the process in 1973, before this time the contents in the
second chlorinator was transferred directly to the various finishing
operations.

One finishing operation was the flaking of PCP. Molten PCP was
transferred to a pan in a flaker. A water cooled rotating drum was
partially immersed in the mCilten PCP. Tiu. PCP would solidify on the
drum surface and as the drtm'l rotated the PCP was scraped off the drum's
surface and fell into a hopper as flakes. From the hopper the PCP
flakes droP1='sd dor..m chutes to be packaged in either fiber paeks or
50-gallon steel drums. PCP flaking operations took place from 1937 to
1971.
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Another finishing operation involved prilling or pelletizing of PCP.
This operation was accomplished in a prilling tower from 1965 to 1978.
Kolten PCP coming from either the distiller or the second chlorinator
was sprayed into the top of the prill tower. Air was blown from the
bottom of the tower upward causing the PCP mist to be suspended until it
gained enough mass (approximately liS" in diameter spheres) to fall to
the bottom of the tower. From there the prills were transferred by
screw conveyor to packaging operations where they were packaged in fiber
packs or drummed in 50 gallon steel drums.

When the PCP process was moved to 349 Building in 1975, the prill
finishing operations were discontinued. The PCP produced from 1978 to
19S0 was finished by pouring the molten PCP into molds to fOt~ blocks.
The block sizes were either one-half ton or one ton.

PCP was also converted into its water soluble sodium salt, sodium
pentachlorophenate (NaPCP). This conversion was accomplished by taking
the contents from the distiller or the second chlorinator, depending on
the year, and treating it stoichiometrically with NaOH to produce the
sodium salt. The reaction mechanism that took place was as follows:

OH
CIArCl

Cl¥Cl
Cl

+ NaOH )

Cl~Cl

Cl~ Cl
Cl

(HaPCP)

After PCP had been neutralized to NaPCP, it was finished with
double-drum dryers. The double-drum dryers consisted of two rotating
water heated drums turning away from each other. The NaPCP was pumped
over head and dropped down to form a pool between the drums. The water
in the NaPCP was vaporized off and the NaPCP crystallized on the surface
of the drums. The HaPCP was scraped off the drum surfaces by knifes.
These crystals dropped down into a hopper and were screw conveyed to be
packaged in either fiber pa~ks or 50 gallon steel drums.
Crystallization of NaPCP by this process took place from 1941 to 1966.

NaPCP was finished by fluid bed dryer from 1966 to 1976 when Dow stopped
producing NaPCP. The NaPCP solution was pumped from the neutralization
step to a de-watering unit where a majority of the water was removed to
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The

drums.

form a wet cake of NaPCP. rne wet cake then entered the fluid bed
and collected on top of a perforated plate above a plenum chamber.
air entered the plenum chamber and rose up through the perforated
plate. This dried the wet cake and formed a bead-like product of
NaPCP. The air/water vapor was vented out the top of the dry,er.
beads of NaPCP were removed from the dryer via hopper and screw
conveyor. The NaPCP was packed in fiber packs or 50 gallon steel

dryer
Warm

Di-, tri, and tetrachlorophenols were produced in a similar manner as
PCP. In the case of di- and trichlorophenol, the contents in the first
chlorinator were PU1ll1led to a distillation unit in 349 Building instead
of to the second chlot"inator. In the distillation unit the di- and
trichlorophenols wsra separated from each othar by distillation and the
trichlot"ophenol was finished in the same manner as PCP. Prior to 1976,
the dichlorophenol was used to supply the 2,4-D plant.

When tetrachlorophenol was being produced, the reaction time in the
second chlorinator was shorter and the te3ilt'erature was raise;d to
appro~imately 1200 C (2480 F) instead of 1650 C (3290 F) as in the
case of PCP. Tetrachlorophenol was finished in the same manner as PCP.
From each other by distillation and the trichlorophenol was finished in
the same manner as PCP. Prior to 1976, the trichlot"ophenol was used to
supply the 2,4-D plant.

Dowicidee2 and B were also finished in 265 Building. Molten
2,4,5-TCF was pumped to 265 Building from either 349 Building or
SG~ Building. In 265 Building, the 2,4,5-TCP was finished by flaking in
the same mann,er as PCF. Dowicidee B was finished in the same manner
as DowicideO G. in a double drum dryer.

Dow also produced a product known as Hi-Purity TCF which was purified by
distillation and was produced from 1966 to 1977 in 349 Building. Most
of the Hi-Purity TCF was used as a raw material in the production of
ronnel while some was sold as a Dowicidee antimicrobial.

History of Chloracne Incidence

Chloracne is a skin condition characterized by the appearance of
folliculitis. blackheads. acne, cysts, and scar formation due to an exposure
to a chloracnegen. The disease may be mild or severa. loealized or
widespread. but under any circumstances it is a disorder with a prolonged
course. Lesions (blackheads and cysts) of chloracne first appear on the
sides of the forehead and around the lateral aspects of the eyelids. Cysts
and lesions are fre~uently present behind the ears. As exposure to the
chloracnegen continues. the lesions can affect widespread areas, except for
the palms and soiesS.
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According to a review of Dow industrial hygiene records, chloracne was not
seen in 199 Building where NaTCP was synthesized until February 1964, when a
total of 49 individuals out of 61 workers, "developed acne-like lesions over
several months. The company attributes the outbreak to increased 2,4,S-TCP
production, which began in November 1963. This production increase pushed
the process to its capacity and resulted in a considerable increase in
equipment becoming plugged and needing to be cleaned, and sampling of
process streams was done more frequently than usual. Also, it is possible
that the temperature of the process may have been increased during this
period. Record~ of rabbit-ear toxicity tests of waste oil from April 1964
show that the activity was significantly higher than usual, causing death in
some rabbits. The identity of the acnegen was unknown at that time, but
soon thereafter (by 1965) was determined by Dow to be TCDD.

The rabbit ear test for chloracnegens was performed by applying 0.1 ml of
material to a specific location on a rabbit's ear on a daily basis for 4
weeks (5 days per week). The acnegenic activity was rated by the severity
of the folliculitis which occurred, with zero representing no folliculitis
(less than 1 ug of TCDD) and four representin& severe folliculitis (greater
than 100 ug of TCDD). In 1964 the capability to quantify levels of TCDD was
developed by the company. The method of analysis was vapor phase
chromatography (VPC).

Long experience with rabbit-ear tests had led Dow researchers to the opinion
that the rabbits were more sensitive to acnegens than were humans. In order
to find out how much more sensitive rabbits were as compared to humans, the
company contracted with a dermatolo&ist from the University of Pennsylvania
to study chloracne in prison volunteers. 9 The dermatologist applied
measured amounts of TCDD to the skin of each volunteer and covered the wet
area with a gauze bandage so the material would not be brushed off. one
volunteer received 4 U& of TCDD and six volunteers received 8 ug of TCDD.
None of the volunteers developed chloracne at the site of application or
anywhere else.

This terminated the contract between Dow and the dermatologist. Before a
new contract was agreed upon, the dermatologist went ahead and applied
7500 ug of TCDD to the backs of 15 volunteers. Within three to four weeks
chloracne appeared at the site of application. The progress of the
chloracne was characteristic, starting as a rash and proceeding to cysts and
pimples. After about six months, the chloracne disappeared. No liver
problems ever developed. While ,applications of 7500 ug of TCDD was against
Dow's wishes this demonstrated that a single application of TCOD between 8
and 7500 ug could cause chloracne. The experiments also showed that the
rabbit was 10 to 100 times more sensitive to TCDO than were humans.

The company instituted equipment changes, protective clothing procedures,
and medical surveillance in the NaTCP process area until the process was
shut down in 1966. The process was changed and transferred to a new
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building (804 Building) in 1966. Along with many aspects, the 2,4,5-TCP
process in 804 Building was designed and built to minimize TCDD contaminant
formation and to remove the TcnD formed early in process steps. Despite
these precautions two chloracne cases occurred in 804 Building in 1971.
Poor work practice was the explanation for the occurrence.

265 Building had a history of chloracne cases. An early pUblication by
Milton Butler,10 an independent physician from Saginaw, Michigan,
indicated that betw-een the years 1935 and 1937 21 of 26 employees involved
in the packagin$ of Dowicidee P (50% sodium tetrachlorophenate and 5~
ortho-chlorophenylphenol) had chloracne. In medical examinations conducted
in 1966 for 28 workers from 265 Building. 24 workers ware found to have
chloracne. varying from slight to severe acne. leading to a Task Force being
formed in 1967 to study the workers' chloracne problems in 265 Building.
T'ilis task force was made up of persons from Production. Research. Safety and
Medical departments of Dow U.S.A.• Midland Division. Many efforts had been
employed to decrease the exposure to chloracnagens. Despite all this, the
incid,ence of chloracne had not decreased to any large enent. In order to
make some headway against the chloracne problem. an industrial hygienist was
assigned to 265 Building on an eight hour a day. continuous basis in 1971.
Industrial hygiene activities continued in 265 and later in 265/349
Buildings until their eventual closings in 1978 and 1980, respectively.

E~idemiolo;Y Studies by Dow Chemical

Dow Chemical has conducted and published several studies of workers employed
in processes relevant to the Dio~in Registry. The population of workers at
the Michigan facility has been a very stable one. Cook. et. a1.. 11
examined and reported on the mortality experience of 61 male workers engaged
in production. seJIll'ling or maintenan,ce in the trichlorophenol process area
between Novamb,er. 1963 and December. 1964. The study concluded thet within
the limitations posed by cohort size and length of follow-up, TCOD does not
app,ear to have adversely affected mortality experience.

Ott, et a112 conducted a study which examined mortelity outcome among
20~ male production wnrkers engaged in the production of 2.4,5-T acid
between Harch. 1950 and May. 1971 in the job classification of reactor
operator. salt wheel operator. acid whe·el operator and dryer operator.
Length of employment in these job classifications ranged from less than one
year to a ma~imum of approximately ten years. Within the scope of this
mortality study. it was concluded that no adverse effects ware observ,ed with
respect to occupational e~osure to 2.4.5-'1' acid or its feed stock,
2.4,5-TCF.

To determine Whether paternal exposure to TCOn or other polychlorinated
dio::dns might be associated with adverse pregnancy outcome. Townsend, et.
e1. 13 conducted an interviewer-administered questionnaire survey among
wives of Dow Michigan Division employees who had been potentially exposed to
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dioxins. Wives of employees who had no dioxin exposure and whose hire dates
were comparable to those of the workers in the potentially exposed group
were used as comparison group. The results of this study were that overall,
no statistically significant associations were found between any exposure
and pregnancy outcome, either before or after stratificaton by pertinent
sets of up to nine covariables.

Available medical and morbidity surveillance findings from 1976 to 1978 for
two worker cohorts potentially exposed to TCDD were compared with those of
matched unexposed employees. The medical surveillance findings were derived
from a screening program offered to all active workers and included an
analysis of various medical history questions and blood chemistry results.

Group medical insurance claims served as the source of morbidity
surveillance data and the period prevalence of selected diseases were
analyzed. Bond, et. al. 14 reported few significant differences between
the exposed and unexposed workers. Among the cohort of workers potentially
exposed during the manufacture of 2,4,5-T acid, a significantly greater
frequency of x-ray proven ulcers were reported and significantly more
members of this group had diagnosed diseases of the digestive system.

Mortality patterns were analyzed for the time period 1940 through 1979 of
2,189 workers with potential occupational exposures to polychlorinated
dioxins by Cook, et. al. 12 Special attention was directed toward TCDD and
deaths due to soft-tissue sarcoma, non-Hodgkins lymphoma, Hodgkins disease,
liver cancer, stomach cancer. and nasal or nasopharyngeal cancer. with
united States white males as the comparison population for this worker
cohort. the standardized mortality ratio for all causes of death was 91 and
for total malignant neoplagms was 96. Among the malignancy categories of
particular interest. none demonstrated a significant deviation from the
expected. Nor were any significant trends noted for any specific cause of
death category when analyzed by estimated cumulative exposure to TCDD.

ott et. al. 16 reevaluated the mortality patterns of the chemical workers
previously studied by Cook, et. al. 15 In this reevaluation. 2192 workers
(up from 2189 workers) engaged in the manufacture of higher chlorinated
phenols and derivative products from 1940 through 1982 (three years more
than Cook. et. al15 ) and had potential occupational exposures to
chlorinated dibenzo-p-dioxins were studied. Relative to United states white
male mortality experience. there were no statistically significant
deviations from expected for th~ following categories: all causes. total
malignant neoplasms. or specific malignancies of particular interest:
stomach cancer. liver cancer. connective and other soft-tissue cancer. the
lymphomas or nasal and nasopharyngeal cancer. Similar to the previous
evaluation of these workers. this study did not support a casual association
between chronic human disease as measured by mortality and exposures to the
higher chlorinated phenols, derivative products or their unwanted
contaminants, the chlorinated dibenzo-p-dioxins.
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Chemical and Toxicological Analyses of Products, Process streams and Wastes
for Polychlorinated Dibenzo-p-Dioxins, and Chloracnegens

A) Analytical and Toxicological Chronology for Chlorinated
Dibenzo(p)dioxins

Provided in Appendix D are abstracts of the various analytical methods
used to analyze various substances for polychlorinated dibenzo-p-dioxins
and dibenzofurans. Included in the abstracts are Dow Analytical Method
Numbers, dates the methods were reported, and brief descriptions of what
was involved in conducting the analysis.

The following is a brief chronological summary of the Dow Chemical
Company's analytical and toxicological capabilities:

Late 1930's: The rabbit ear test was developed and used until tne early
70's to detect the presence of chloracne inciters, and chloracnegens.
No cases of chloracne were observed in operators making 2,4,5-TCP until
early 1964. Cases of chloracne have been documented for process workers
in 265 Building throughout the years the processes were operated.

September-December 1964: The principal source of chloracne in 2,4,5-TCF
was learned to be 2.3.7,8-tetrachlorodibenzo(p)dioxin (TCnD). A Vapor
Phase Chromatography (VPC) analytical method to measure the presence of
TCDD in 2.4.5-TCP down to 1 part per million (ppm) was developed.

1966: Do~ set a self-imposed 2,4.S-TCF product specification that TCDD
content would not exceed 1 ppm.

1970: The VPC analytical method was improved to measure Tcnn in
2.4.S-TCP at a sensitivity of 0.5 ppm. The self-imposed TCF product
specification was revised so that TCDD content would not exceed
0.5 ppm. The VPC analytical method was further validated to detect TCDD
in 2.~.5-T acid to a sensitivity of 1 ppm. 2.4.5-T acid product
specification was sat to 1.0 ppm maximum TCDD.

1971: A Gas Chromatograph - Mass Spectrometric (GC-MS) method was
de~eloped to measure TCDD in both 2,4.5-TCP and 2,4.5-T acid to a
sensitivity of SO parts per billion (ppb). Specifications for TCDD
content in both products were set at 0.1 ppm maximum.

1972: The GC-MS method was improved and validated to determine TCDD
levels in 2.4.S-T esters and Silvex esters to a sensitivity of 50 ppb.
Specifications were set for these products to allo~ n,o more than 0.1 ppm
of TCDD.

1974: I~rovem~nts in the GC-MS method allowed TCDD to be measured with
a detection limit of 20 ppb in all 2.4.S-TCP products and derivatives.
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Specifications for 2,4,5-TCP products and derivatives were revised in
1975 to reflect this capability.

1975-Present: The GS-MS method was further improved to measure most
chlorinated dibenzo(p)dioxins on an isomer specific basis in many
chemicals to a detection limit of 1 ppb.

Dow Chemical has stated that, prior to about 1979, TeDD measurements may
not have been isomer specific even though these measurements were
reported as such.

B) Chemical and Toxicological Analyses of the Products. Process Streams.
and Wastes
At the request of NIOSH investigators, Dow personnel conducted a
thorough review of all their files and collected copies of all the
documents containing analytical data for polychlorinated
dibenzo-p-dioxins and dibenzofurans in products, process streams or
waste effluents. NIOSH investigators audited these documents to become
familiar with the documents and instructed Dow personnel in how the data
from the documents was to be abstracted and summarized. Each data point
abstracted had the following information associated with it:

1. the year the sample was collected,
2. a description of the sample,
3. the analyte analyzed in the sample,
4. the type of sample,
5. the building number where the sample was collected
6. and the analytical method used.

These data were sorted and summarized by the following hierarchy:
building number; sample description; sample type; analyte; and year.
The summarization of these data are in Appendix E, Tables 15 through
24. Table 15 lists the sYmbols with definitions used in Tables 16
through 24. Tables 16 through 24 are the summarized data for Buildings
199, 804, 349, 267, 489, 338, 840, 441, and 265 respectively. The
summary statistics presented in these tables include

1. number of sample results
2. number of non-detectable (NO) sample results
3. mean of the limit of detection (LOD) for the NO sample results
4. mean of the sample results (including NO values assigned the LOD/2)
5. standard deviation
6. minimum detectable sample result
7. maximum detectable sample result

Arithmetic means were calculated because the environmental data will be
used in the NIOSH exposure matrix to estimate cumulative exposure. 18

In addition, because the data were highly left censored, sample results
less than the LOD were assigned one-half the LOD (LOD/2) for the
calculation of the mean. 19 Due to limited space in the table, the
reported NO value is the mean of the NO values for each sample type.
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In general, the analytical methods used to obtain an analytical result
were known and provided to NIOSH by Dow. In reorganizing and
summarizing these analytical data, NIOSH investigators elected not to
include this information in the summary Tables 16 through 24 because the
methods primarily depended on the year of analysis (see subsection A,
Analytical and To~icological Chronology for Chlorinated Dibenzo-p­
dio~ins) •

Overall Tab~es 16 through 24 demonstrate that TCnD and/or other
polychlorinated dibenzo-p-dio~ins and dibenzofurans were measured in
2,4,5-TCP, 2,4,5-TCP derivatives, PCP and PCP derivatives. The highest
concentrations of TCnD were found in the caustic insoluble waste oil
from the NaTCi' process in 199 Building (Table 16). Detectable levels of
TcnD were found in 2,4,S-T acid, esters and amines and in Silve~ acid
and esters (Tables 19 and 20). Detectable levels of TeDD also were
found in ronnel and Erbon (Tables 21 through 23). While no TeDD was
ever measured in PCP, Table 24 clearly demonstrates that detectable
levels of ExCDD, HpCDD and OCDD were measured. Polychlorinated
diben:ofurans also were measured in PCP (Table 24).

The rabbit-ear test was compared to the VPC analysis and it was
discovered that samples containing from 1 to 10 ug of TCDD caused slight
to moderate folliculitis, while samples containing from 10 to 100 ug of
TCDD caused moderate to severe folliculitis (ses Table 2S). Table 26
shows a historical account of rabbit ear testing results for various
chlorophenols and their sodium salts. While the 1936-37 2,4,S-TCP and
its sodium salt did not produce folliculitis in the rabbit, the waste
(caustic insolubles oils) did produce folliculitis in the rabbit ear
testing.

Past Industrial Hyaiene Monitorino

Dow Chemical's industrial hygiene program was initiated in the late 1930's.
The industrial hygiene and to~icological functions were organized together
in a research unit of the company. Originally the industrial hygiene
function was carried out by personnel who were also responsible for animal
to~icology. In 1942, the first full time industrial hygienist was
assigned. A safety engineer joined the industrial hygiene staff in 1948 and
a health physicist was added to the staff in 1955. 17 As a result of such
an organization, industrial hygiene reports have been written for 2,4,S-TCP,
2,4,S-TCP derivatives, PCP, and PCP derivatives processes starting in the
early 1940'S through 1980.

A thorough review of the Dow industrial hygiene files was conducted. Forty
reports and miscellaneous data were identified as pertaining to 2,4,5-TCP,
2,4,S-TCP derivatives, PCP, and PCP derivatives production processes. These
materials were reviewed by Dow personnel, sensitive information such as
personal identifiers were removed, and then copied and sent to NIOSH. The
sections that follow briefly describe the nature and types of data for each
building identified as containing 2,4,S-TCP, 2,4,S-TCP derivatives, PCP or
PCP derivatives production processes. The company has stated that the lack
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of industrial hygiene data for a given building and/or process implies that
there were no perceived exposure problems. For example, there is very
little data available prior to 1964 on the NaTCP process in 199 Building
because the 2,4,5-TCP process was not considered a health concern at that
time.

Appendix F contains Tables 27 through 55, which are the summarization of
industrial hygiene data from processes of interest. Table 27 lists the
sYmbols with definitions used in Tables 28 through 55. Tables 28 through 55
summarize the data found in the industrial hygiene files and reports. A
table was created for area air, breathing zone air, personal air, and
surface wipe samples for each building. Area air samples were collected by
a sampling device in a fixed location in the work area. Breathing zone air
samples were collected in a worker's breathing zone by a second individual
placing the sampling device in the worker's breathing zone. These types of
samples were usually short term (20 minutes) and with a high sampling flow
rate [1 to 2 cubic feet per minute (cfm»). Personal samples were samples
collected in the breathing zone by a sampling device attached to the worker
and worn continuously during the entire workshift. Surface wipe samples
were collected by wiping process surfaces and equipment with filter paper.
The Dow industrial hygiene reports also contained some analytical data for
polychlorinated dibenzo-p-dioxin, dibenzofurans, and rabbit ear folliculitis
from products, process streams and waste effluents. These data were
summarized by the building from which they came and included in this section
as well. However, some of the results may also be included in the
analytical data found in Appendix E which was previously discussed.

The data contained in Tables 28 through 55 are summarized by year, sample
description, analyte, and sample type. The descriptive summary statistics
reported in the tables include the number of sample results, the number of
non-detectable (NO) sample results, the mean of the analytical limit of
detection (LOO) for the NO sample results, the arithmetic mean, the standard
deviation, the minimum detectable sample result, the maximum detectable
sample result, and the units of the values reported. For calculation of the
mean and standard deviation, each NO result was assigned the value of
one-half their limit of detection. 19

The air samples for chloracnegens were taken to determine the potential of
airborne exposure to chloracnegens. The samples were collected by drawing
air through a glass fiber filter at approximately seven cubic feet per
minute for one to five days. k portion of the samples were extracted with a
solvent and the extract was applied to rabbit ears for a four week period to
determine the chloracnegenic potential. Additional samples were analyzed
for TCOO content by vapor phase chromatography (VPC). The detection limit
varied from 0.1 ug to 5 ug per sample. The air sampling was conducted in
process and/or controlled areas of the plants. In general, air sampling for
chloracnegens were discontinued by 1966 because skin contact was recognized
as the primary route of exposure.
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Wipe testing, a more plausible indicator of dermal exposure potential, was
conducted to determine the chloracnegenic contamination and degree of
cleanliness in the plants. In general, dry filter papers were used to wipe
equipment and surface areas within a plant. For a portion of the s~les,

the filters were extracted with a solvent and the extract was applied to
rabbit ears for four weeks to determine the chloracnegenic potential. The
remaining wipe samples were analyzed for TCOD content by VPC. In later
years, wipe samples were analyzed for TCDD, HXCDD, HpCDO and OCDD content by
GC-ECD and GC-HS. The limit of detection ranged from 0.1 ug to 5 ug per
sample. Tracking wipe test results over time helped to indicate the degree
of control. It is difficult to fully relate wipe test results to individual
exposure. Wipe tests were taken on floors, walls, valves, railings,
ben,ches, equipment, etc.

A) 199 Buildinz
Tables 28 through 33 summarize the data collected from 199 Euilding.
Tables 28 and 29 pertain to the aniline processes which ware also housed
in 199 building. Thase data are included in this report to demonstrate
what confounding exposures the workers in 199 Building may have had due
to the fact that the aniline and NaTCP processes were in close proximity
to each other. Tables 30 through 33 pertain to the NaTCP process.

Sampling was conducted in this building for airborne exposures to raw
materials, products. and chloracnegens. Sampling was also conducted for­
chloracnegens by wipe samples.

In the late 1940's it was discovered, by using the rabbit-ear test, that
a chloracnag,en was present in the NaTCP process. Eventually. testing
for chloracnegenic activity (and later for the presence of TCDD) was
conducted quarterly. and wnenaver equipment was decontaminated. The
testing was also conducted on an "as required" basis. During t.he
demolit.ion of 199 Euildin~ in 1968. testing for TCDD contamination was
also conduct.ed.

A 1958 survey was the first focus of the Dow industrial hygiene st.aff on
the NaTCF process. Area air s~les and breathing zone samples were
collected and analyzed for TCE, 1,2,4-trichlorobenzene,
monochlorobenzene. methanol, caustic, 2,4, 6-trichloroanisole, an,d
NaTCP. The results for these samples are shown in Table 30 and 31. Two
observations were made of the workers activit.ies during this survey
which indicated why a lot of t.hese workers would later develop chloracne.

The first observation stated that:

"ne process operator is required to take a sample of the crude NaTCF
product each hour. This is done in an area near the cooling coils. It
is also in the general area of the control panels and the operator's
desk, where most of his time is spent. The actual time required for
taking t.he s~le is only seconds".
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The second observation noted:

"An operation which is done approximately once a shift is the draining
of the unreacted organics from the stripper column to a dumpster tank
located outside the building. This is an operation which takes
approximately ten to fifteen minutes and requires that the operator
remain in the area to determine the proper time to shut off the flow of
the draining liquor. The majority of the vapors consisted of 2,4,5- and
2,4,6-trichloroanisole".

Industrial hygiene reports from mid-1963 to mid-1964 describe the
following sequence of events relating to the outbreak of chloracne among
the workers in the NaTCP process in 1964. In July 1963, it was reported
that the equipment had become plugged as a result of a process shutdown
(so that the workers had to clean the system). In November 1963, the
process was pushed to capacity due to high demand for HaTCP. This
resulted in a greater output of waste oil, a need for more frequent
sampling of the products and process streams, and more frequent problems
with the plugging of equipment. It was concluded that greater worker
exposures to chloracnegen-containing materials probably occurred at this
time. In February 1964, several cases of chloracne were reported among
the NaTCP operators and a supervisor. In April 1964, it was noted that
the waste oil from the process had a much greater chloracnegenicity than
it had previously shown over the years. This finding indicated that
the process operating temperature may have been higher during this
period, so that greater production volume could be achieved. Therefore
the chloracne problem was probably a result of increased levels of TCDD
contamination in the NaTCP and other materials, as well as increased
exposure potential due to greater work activity with Na TCP and other
materials. During 1964, the results of wipe samples collected from
various surfaces in the area verified the presence of chloracnegen as
based on the results of the rabbit ear test. Surface wipe samples were
also analyzed for TCDD using VPC. These surface wipe sample results are
listed in Table 32. Detectable levels of TCDD ranging from 0.1 to 110
ug/wipe were found on 33 of the 134 (25~) samples .

As a result of the chloracnegen surface contamination, the onset of
chloracne in the NaTCP process personnel, and the unanticipated severity
of response to the waste oil in the rabbit ear test, a number of process
and operating changes were made. These process changes included the
replacement of leaking equipment (i.e. pumps, vessels, etc.), welded
joints rather than pipe threaded joints. and an increased use of
personal protective gloves, respirators and clothing. Improved personal
hygiene (thorough and frequent washing of exposed skin by the workmen)
was also instituted. Another operating change involved the institution
of a program of regular and frequent surface wipe sampling for
chloracnegens and TCDD, to test the "cleanliness" of the work area.
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Table 33 is a summary of analytical data for products, process streams,
and waste from 199 Building. These data were obtained from Dow IH data
and were reported separate from the analytical data for 199 Building in
Table 16 to avoid duplication of data.

B) 804 Building
2,4,5-TCP was produced in 804 Building complex from 1966 to 1979.
Industrial hygiene measurements for TCDD, 2,4,5-TCP and other chemicals
were collected at this location. Tables 34, 35 and 36, summarize all
available data collected at this location.

An evaluation of workers' exposures to chemical and physical agents for
all job classifications was performed between Hay and June 1978. Area
air (Table 34) and personal air sampling (Table 35) for airborne TCE,
TCA and 2,4,5-TCP were collected on silica gel sample tubes at an air
flow rate of 0.1 liter per minute (lpm). Silica gel tube samples were
desorbed and analyzed for TCA, TCE and 2,4,5-TCP using GC-ECD. Personal
and area air sampling for airborne TCDD, HxCDD, HpCDD, and OCDD ware
collected on membrane filters at an airflow rate of 1.5 lpm. The
analytical determinations of dioxins on the membrane filters were
performed by extracting the dioxins from the filter into a known volume
of solvent. TCDD then was measured by GC-MS and HXCDD, HpCDD, and OCDD
were measured by GC-ECD.

As a result of the 1978 survey. 27 area air samples from s;even
locations in the 804 Building complex ware collected and analyzed for
TCE, 2,4,5-TCA and 2,4,5-TCP with detectable results ranging from 0.003
to 0.008, 0.003 to 0.003 and 0.003 to 0.8 ppm, respectively. These
results are listed in Table 34. Similarly, 27 personal samples in the
job classifications TCP Operator, Spare, Sr. Production Engineer, Plant
Superintendent and Alternate were collected and analyzed for TCE,
2,4,5-TCA and 2,4,5-TCP. The detectable TCE, 2,4.5-TCA and 2,4,5-TCF
personal sample results ranged from 0.003 (Production Engin,eer) to 0.01
(TCP Operator). 0.002 (Spare) to 0.004 (TCP Operator) and 0.0,03
(Production Engineer) to 1.7 (TCP Operator)ppm,respectively. These
results are listed in Table 35.

"Cleanliness" surface wipe sazrq;les for TCDD were collected quarterly.
Of the 950 area wipe samples collected, 186 had detectable levels of
TeOD ranging from .01 to 60 ug/wipe, and are shown in Table 36. The
waste oil dumpster area was one site where positive sazrq;les for TCDD
wsre frequently found. This' area needed continued care and quick
clean-up of any spills.

C) 349 Buildin~

Hi-Purity TCP was produced in this building. Later. in 1978. PCP was
also produced in 349 Building. Table 37 summarizes the results of area
air sampling for 2,4,5-TCP in the TCP distillation ares. Table 38



summarizes personal air samples for PCP for the job titles Dowicide
Operator, Handyman, and Spare. These workers were involved in the
production of PCP. The PCP production process was moved from 265
Building to 349 Building in 1978. For the most part industrial hygiene
sampling data involving PCP operations in 349 Building were summarized
as a part of 265 Building in Tables 51 through 54 because until 1978 PCP
production centered in 265 Building. The PCP production activities for
these two buildings overlapped for the time period 1972 to 1978.
Surface wipe.samples collected in 349 Building are summarized in Table
39. For'the most part, the surface wipe samples collected in 349
Building yielded no folliculitis in rabbit ears or non-detectable levels
of TCDD. Only 1 of 55 wipe samples tested positive in rabbit ears and
only 2 of 49 yielded detectable levels of TCDD. Table 40 is a
summarization of analytical data found in the industrial hygiene
records. For the years of 1964 and 1965, 11 color still tar waste
samples were analyzed for TCDD with 10 of the samples having detectable
levels ranging from 5 to 3600 ug/g. In 1972, waste oil for the newly
installed PCP still showed detectable levels for HxCDD,HxCDF,HpCDD,
HpCDF, OCDD and OCDF of 35, 80, 60, 140, 350 and 50 ug/g, respectively.

D) 267 Building
The Dow Chemical Company produced 2,4,5-T acid, Silvex, and various
esters of these products (using the Acid-Ester Process) in 267
building. From 1955 to 1957, ronnel was also synthesized in this
building. Industrial hygiene measurements were collected in the 2,4,S-T
acid and Acid-Ester process areas and are summarized in Tables 41, 42,
and 43.

An industrial hygiene survey was completed in 1970 to evaluate employee
exposures to 2,4,5-T acid and the raw material 2,4,S-TCP. Area air
samples were collected throughout the 2,4,5-T acid process areas. The
results of these area air measurements for 2,4,5-T acid, 2,4,5-TCP and
2,4-0 acid are listed in Table 41. Forty-four samples were collected
throughout the various work areas and analyzed for 2,4,5-TCP. Sample
results ranged between 0.1 to 27 mg/M3, with one non-detectable sample
(LOO=0.10 mg/M3). Similarly 36 samples were collected and analyzed
for 2,4,5-T acid with 17 non-detectable results (LOO ranged from <0.09
to 0.21 mg/m3 ). The detectable samples ranged of 0.09 to 6.21
mg/M3. Only 1 of 35 samples collected and analyzed for 2,4,-0 acid
had detectable levels. The result for the detectable 2,4,-0 acid
sample, which was from the lunch-room, was 4.1 mg/M3.

Using the area air sample results listed in Table 41 and determining the
time spent in the various work areas of the 2,4,5-T acid process,
estimates of worker time-weighted average (TWA) exposures were
calculated for four job titles. These personal exposure estimates are
listed in Table 42. Estimates of 2,4,5-T acid exposure ranged from 0.16
mg/M3 (48" Wheel Operator) to 0.81 mg/M3 (Reactor Operator) while
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estimates of 2,4,S-TCP e~posure ranged from 1.60 mgjM3 (Orier
Operator) to 9.70 mgjM3 (48" Wheel Operator) for the four job titles
studied.

Surface wipe samples, collected in 1965, were analyzed in the same
manner as those collected in 199 Euilding. The surface wipe samples
collected in 267 Euilding were a direct result of the chloracne problem
in 199 Euilding because the NaTCP produced in 199 Euilding was used as a
raw material to produce 2,4,S-T acid in 267 Euilding. Results of these
surface wipe testing are shown in Table 43. Forty-nine surface wipe
samples were collected throughout the work areas of 267 Euilding. These
samples were analyzed for TCDD with 44 of the 49 having non-detectable
TCDD levels (mean LOD=1.0 ug/wipe). The detectable sample results
ranged from 2 to 20 ugfwipe. Analytical TCDD concentration data for
2,4,S-T acid process streams and products were found in industrial
hygiene documents for 267 Euilding and these values are summarized in
Table 44.

E) 489 Euildina
Processes in this building included the 2,4-D synthesis process, the O/T
Acid-Ester process from 1967 to 1979, and the Direct-Ester process.
Formulation and packaging of pheno~yalkanoic herbicides were also
performed in 489 Euilding. The Direct-Ester process produced esters of
2,4,S-T, Silve~, and 2,4-0. Industrial hygiene sampling was conducted
in the Direct-Ester process area and in formulation areas and data was
available for the years 1977, 1978 and 1979. Area air samples were
collected and analyzed for 2-butoxyethanol (glycol ether EP),
1-isobutyo~y-2-propanol (glycol ether PIC), 2,4-dichlorophenol
(2,4-0CP), 2,4-D acid, trichlorophenols (TCPs) 2,4,S-T esters, carbon
mono~ide (CO) and methyl-chloroph,eno~y-aceticacid (MCPA) and summarized
in Table 45. Ereathing zone air samples were collected and analyzed for
Silve~ and total dusts and the results are summarized in Table 46.
Personal samples were collected and analyzed for gly ether EE, 2,4-0CP,
2,4-0 acid, TCPs, 2,4,S-T ester, CO, and MCPA and are summarized in
Table 47.

Airborne EE, PIE; and isooctanol vapors were collected on silica gel at
an airflow rate of 0.1 pm, then desorbed and analyzed using GC-ECD
methods. Airborne 24-0CP, 24-0 acid and TCPs were collected with both
activated alumina adsorber tubes and midget impingers containing caustic
solution at air flow rates .of 0.1 lpm for the tubes and O.S lpm for the
impingers. Eoth the alumina tubes and the impinger solution were
analyzed using GC-ECD. Airborne 2,4,S-T ester samples were collected
using midget impingers containing isooctane at an airflow rate of
0.30 lpm. The analyses were done using GC-ECD techniques. CO air
concentrations were measured using long-term detector tubes. Airborne
MCPA was collected on membrane filters at an airflow rate of 3 lpm.
Gravimetric analyses were conducted on the filter and the results
reported as MCPA.
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A comprehensive survey of the workers' exposures to airborne
contaminants in 489 Building was conducted from October 1977 through
March 1979. The results of the area air samples are summarized in Table
4S. Only 20 of 122 chemical analyses conducted on area air samples
collected throughout 489 Building had non-detectable results. All 20
area air samples collected in the Direct-Ester process areas and
analyzed for 2,4,S-T ester had detectable results, ranging from 0.001 to
10.0 mg/M3. Table 46 lists the result of a breathing zone sample for
an operator loading wet Silvex into an esterifier, which was 2 mg/m3
of Silvex. 'The personal air sample results are summarized in Table 47.
Of the 27 chemical analyses conducted on personal air samples collected
from workers in 489 Building only 6 had non-detectable results. Eight
personal samples were collected for the Direct Ester Operators and
analyzed for 2,4,S-T ester. Six of eight personal samples collected had
non-detectable results (LOD=<0.3 mg/m3) with the two detectable sample
results being 1.0 mg/m3 •

Surface wipe samples also were collected in the direct-ester process and
2,4,S-T ester purification areas of 489 Building. These sample results
are summarized in Table 48. In 1977, nine surface wipe samples were
collected in the 2,4,S-T ester purification area following the removal
of spent carbon from the activated-charcoal filtration column. All nine
samples had non-detectable results (LOD-O.l ug/wipe). Five surface wipe
samples were collected in the direct-ester process area in 1979. The
five wipe samples were analyzed for 2,4-DCP, HxCDD, HpCDD, and OCDD. No
detectable levels of HxCDD, HpCDD, or OCDD were found in these samples.
Two of the five 2,4-DCP measurements had detectable levels, 6 and 46
ug/wipe.

F) 338 and 840 Buildings
Ronnel was synthesized in 338 Building from 1958 to 1972 and in 840
Building from 1973 to 1977. Area air samples were collected in 338
Building in 1966. These samples were grab samples where air was
collected in a small bag from various areas of the ronnel process. The
air in the bags was analyzed for methylene chloride (MC), a raw material
used in ronnel production, using infrared analysis. These results are
summarized in Table 49. Detectable sample results for MC measurements
throughout 338 Building ranged from 2 to 4300 ppm.

Surface wipe samples were collected in the ronnel process area in 338
Building in 1971. These surface wipe samples were collected in the same
manner as were the dioxin surface wipe samples, but were analyzed for
ronnel using GC-ECD analytical methods. The summarization of the
surface wipe samples results are listed in Table SO. A total of 36 wipe
samples was collected with all samples having detectable results ranging
from 12 to 26,000 ug/wipe. '
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Industrial hygiene sampling data was not available for the ronnel
process in 840 Building. When the ronnel process was moved to
840 Building, its operation was very sporadic.

G) 441 Building
Erbon was synthesized in 441 Building from 1955 to 1974. Industrial
hygiene sampling data was not available for the Erbon process in this
building.

H) 265 Buildini!,>
Dowicide@ products were produced, finished, and packaged in 265
Building. Dowicidee products relevant to the Dioxin Registry are
2,4.5-TCP, HaTCP. PCP. NaFCP, 2,4,6-TCP, and TetCP. The industrial
hygiene sampling data for 265 Building is summarized into Tables 51, 52,
53, and 54.

Table 51 summarizes all area air samples collected in 265 Building, and
in 265/349 Building after 1972. Area air samples in Table 51 date from
1949 through 1980. Breathing zone samples collected in 265 Building are
summarized in Table 52 and contain data from 1949 to 1966. Personal air
samples collected in 265 and 265/349 Buildings are summarized in Table
53 and date from 1972 through 1980. Surface wipe samples collected in
265 and 265/349 Building are smmnarized in Table 54 and contain data
from 1965 through 1980. Table 55 contains analytical chloracnegenic
data for products produced in 265 Building and date from 1964 through
19,68.

The first air s~les collected in 265 Building ware for TetCP, NaPCP,
PCF, OFP, and NeOFP in 1949 and 1950. The samples ware collected using
a large i~inger containing caustic at an airflow rate of one cubic foot
per minute (cfm). The analyses were carried out using uv
spectrophotometry. By 1950, a departmental policy was im;plemented
requiring the wor~ers to wsar eye protection and rubber gloves when
collecting chlorinated phenol saIrlples from the chlorinators. The
procedure for collecting these samples involved draining the sample from
the chlorinator to a small cup which was attached to the end of a piece
of chain. The practice of allowing the sample cup to swing at the end
of the chain while carrying it resulted in the contamination of the
workers shoes, pant legs, and the floor. A 1967 industrial hygiene
raport summarized the industrial hygiene activity from late 1964 through
1967. Dust sa~les collected during this time were collected on glass
fiber filters at an airflow'rate of 7 cfm. The samples were th.m
weighed, ertracted with a solvent and then either tested on rabbit ears
or analyzed for (2,4,6-TCP and/or 2.3,5-TCP,> 2.4.5-TCP. OFF, TetCP and
NaPe? using VPC. In addition to the dust samples collected on filters,
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some dust samples were also collected using electrostatic
precipitation. For 1965, 19 of these filter samples were tested on
rabbit ears and are listed in Table 51. Fifteen of the 19 samples
tested produced no folliculitis response. Three of four positive
responses showed very slight folliculitis. One sample produced severe
folliculitis. This sample was collected in the packaging area near the
fluid bed dryer scrubber.

On March 23, 1966, proceedings of the Biochem-Medical-Safety conference
held by Dow researchers detailed chloracne problems in 265 Building. 28
of the 34 workers from 265 Building had skin examinations. Of that 28,
7 had no problems, 15 had slight chloracne and 6 had moderate to severe
chloracne. Dow also stated during these proceedings that chloracne had
existed in 265 Building for over 30 years.

An interim summary of environmental conditions in the 265 Building dated
July 2, 1971 indicated that quarterly surface wipe sampling had begun by
1969. A new type of bagging system for PCP prills was installed which
reduced dust levels in the air. Clean clothing, the washing of skin
after specific contamination, the use of protective gloves, and daily
showers all continued to be necessary at that time. This was especially
the case in the last 6-9 months because of a large influx of new workers.

The chloracne problems continued in 265 Building throughout the 1960s.
Much data had been gathered from 265 Building and much work had been
carried out to decrease the exposure to chloroacnegens. Despite all
this effort, the incidence of chloracne had not decreased to any large
extent. In order to make some headway against this problem Dow
management had an industrial hygienist assigned to 265 Building on an
a-hour per day, continuous basis from April 1971 through January 1972.
As a result of this extended residence, an extensive industrial hygiene
report was generated. Area and breathing zone air samples were
collected. Time distributions for areas and tasks were determined for
each job classification. Combining area air and breathing zone sample
results with the time distributions, eight hour TWA values were
estimated for the various job classifications in 265 Building. The area
air samples were collected using midget impingers containing isooctane
at an air flow rate of approximately 0.5 lpm. The isooctane was
acidified to convert the sodium salts to their respective phenols and
the solution was analyzed using GLC-ECD for 2,4,5-TCP, 2,4,6-TCP, TetCP
and PCP.

Thirteen job classification exposures to 2,4,5-TCP, 2,4,6-TCP, PCP, and
TetCP were estimated. These estimates are included in Table 53. For
all job classification the range of 2,4,5-TCP estimated exposure was
0.002 (Master Clerk) to 0.172 (Miller-Flaker Operator) mg/M3.
Similarly for PCP, the range was 0.006 (Master Clerk) to 0.109 (PCP
Blender - Flaker Operator) mg/M3.
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The ne~t major Dow report on the environmental conditions in 265 and 349
Suildings was a "Summary of Industrial Hygiene Activities at 265 and 349
Suildings from Deca~er 1975 to December 1978". Personal and area air
samples were collected for phenol and mono-, di-, tri-, tetra-, and
penta- isomers of chlorophenol. Area air samples were also collected
for TCDD, ~CDD, OCDD, ~CDF and OCD!'. Surface wipe samples were
collected throughout 265 and 349 Suildings and analyzed for TeDD, ~CDD,

HpCDD, OCDD, ~CDF and OCDF. Airborne phenol and chlorinated phenol
vapors were collected on silica gel adsorbent tubes at an airflow rate
of 0.10 Ipn. The adsorbent was desorbed with a known quantity of
solvent and analyzed for 0- and p- ililcmGrs of chlorophenol, the 2,4- and
2,6- isomers of DCP, PCF, phenol, TetCF and the 2,4,5- and 2,4,6-isomers
of TCP using GC-FID. Airborne particulate were collected on membrane
filters at an airflow rate of one lpm. The filters were analyzed
gravimetrically for total dust and selected filters were also analyzed
for PCF and TetCP by GC-FID. Area air samples for TCDD, ~CDD, OCDD,
HxCDF and OCD!' were collected with three types of sample media:
memljrane filter, XAD-2 resin solid adsorbent and midget impingere
containing n-deeane. These samples were analyzed using GC-MS. Surface
wipe samples were collected by wiping appro~imately 100 square
centimeters of surface with a dry filter paper (Whatman #2, 5.5 em) with
as much pressure as could be applied without tearing the paper. The
contaminants from these samples were enracted into known quantities of
solvent and determined by GC-ECD and quantitated by GC-MS.

In 1976, six area air samples were collected in 265/349 Building and
analyzed for ~CDD, as shown in Table 51. All si~ air samples had
non-detectable results at a detection limit of 0.2 ugjM3. Surface
wipe samples also were collected in 265/349 Building and analyzed for
HxCDD for the years 1976, 1977, and 1978. Table 54 lists these
results. In 1976, 93 of the 133 surface wipe samples collected and
analyzed for HxCDD were non-detectable at a range of detection limits
between 0.1 to 0.8 ug/wipe. Detectable HxCDD wipe samples ranged from
0.1 to 5.5 ug/wipe. Similarly in 1977, 132 of the 196 HxCDD surface
wipe samples were non-detectable (LOD=O.l ug/wipe, and the detectables
ranged from 0.1 to 9.0 ug/wipe. The HxCDD wipe sample results in 1978
were 129 of 170 non-detectable (LOD=O.lugjwipe) and detectables ranging
from 0.1 to 7.1 ug/wipe.

A report was generated in 1978 for 265 and 349 Buildings entitled the
"Evaluation of Employees' Exposures to Airborne Concentrations of
Several Chlorodibenzo-p-dixoins, FCF, TetCF and HCE in 265 and 349
Buildings". Personal and area air samples were collected on membrane
filters at an airflow of 2 lpm and analyzed for HxCDD, HpCDD and OCDD by
GC-EC and quantitated by GC-MS. Both personal and area air samples were
collected for PCP, TetCF and HCE using silica gel adsorption tubes at an
air flow rate of 0.1 Ipm. The tubes were desorbed with a known quantity
of solvent, methylated and analyzed by GC-ECD. Ninety-two area air
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samples were collected and analyzed for HXCCC in 1978 and are listed in
Table 51. Seventy-six of the 92 HXCCC air sample results were
non-detectable at a detection limit of 0.03 ug/K3. The detectable
HXCDD air sample results ranged from 0.06 to 6.8 ug/K3, Five personal
samples were collected and analyzed for HXCCC in 1978. All five sample
results in Table 54. were non-detectable at a detection limit of 0.03
ug/K3.

A final report on exposure conditions for 265 and 349 Buildings was itA
Comprehensiv~ Evaluation of Employees' Exposures to Contaminants at 349
Building, Karch 1979 through December 1980." By this t~e. most of
production operations were being conducted in 349 Building with 265
Building being used only as a warehouse. Workers' exposures to airborne
concentrations of 2.4-DCP. TetCP. PCP. 2.4.5-TCP. HCB. HXCDD, HpCDC,
OCDD, nonychlorophenoxyphenol (NCPP) and octachlorophenoxyphenol (OCPP)
were measured. Area air samples were collected and analyzed for HCB.
HxCDD, HpCOD and OCDD. 2,4-DCP, 2,4.5-TCP, TetCP. PCP and HCB were
collected on silica gel adsorption tubes at an airflow rate of 0.1 lpm.
The collected vapors were desorbed with a known quantity of solvent and
determined by GC-ECD. HXCDD. HpCDO and OCDD were collected on membrane
filters at an airflow rate of 2.0 lpm. The collected contaminants were
extracted with a known quantity of solvent and analyzed using GC-ECD and
quantitated using GC-KS. Surface wipe samples for HxCDD, HpCDD, oeDC
and HCB contaminants were collected as previously discussed and analyzed
in the same manner as the area air sample for dioxins.

seventy-six area air samples were collected for HxCDD in 265/349 in 1979
and 1980 and are listed in Table 51. Fifty-nine of the 76 area air
samples analyzed for HxCDD were non-detectable with the limit of
detection of 0.001 ug/K3. The detectable HxCDD results ranged from
0.001 to 0.035 ug/K3. Forty-six personal air samples in eleven job
classifications were collected and analyzed for HXCDD and are listed in
Table 54. Twenty-six of the 46 personal HxCDD air sample results were
non-detectable at a limit of detection of 0.001 ug/K3. The detectable
results ranged from 0.001 to 0.058 ug/K3. A total of 305 surface wipe
samples were collected and analyzed for HXCDD for this time period.
These results are included in Table 55. Of these, 246 yielded
non-detectable results for HXCDD with the range of the limit of
detection between 0.01 to 0.2 ug/wipe. The detectable HXCDD surface
wipe sample results ranged from 0.03 to 8.4 ug/wipe.

I) 466 Building
Pentachlorophenol production in 466 Building supplemented that which was
produced in 265 Building. No industrial hygiene data relevant to PCP
production was available for 466 Building.
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Potential Exposures and Controls Used

Various methods were employed by Dow Chemical to reduce employee exposures
to 2.4,5-TCF. 2,4.5-TCP derivatives, PCP, and PCP derivatives. In respol1se
to the chloracne problem in 199 Building, several changes were made during
1964-1965. They included: the replacement of all connections in the piping
and equipment with welded joints, to eliminate the seepage of materials out
of the process; the required use of gloves and protective clothing, and
respirators as needed; the institution of better work practices and of
personal hygiene' procedures; the institution of a medical surveillance
program; and, a program of regular cleanliness tests (surface wipe tests for
acnegen testing and dioxin measurements). Similar changes also occurred in
265 Building (process for Dowicidee ) in 1965-1966.

Engineering control measures also were employed on the 2,4.5-T acid
processes and the DowicideG) product processes to reduce exposure
potential. The packaging area in 267 Building had local exhaust v,entilation
to limit workers' inhalation exposures to airborne 2,4.5-T acid and Silvex
dust. The exhaust air from the ventilation system was filtered to remOVe
dust, and was recirculated. The flakers used in the Dowicide" product
process also had local exhaust ventilation. These control measures were
used to limit employees' inhalation exposures to 2,4.5-TCP, NaTCP, PCP, and
NaFCP dusts in 265 Building and later in 349 Building. Additionally. vacuum
systems were employed, rather than swesping to collect the dust and debris
in the finishing and package area of these processes.

Conclusions

All work,ers who can be sho'Wn by company records to have worked in one or
more pro,cesses listed in Table 1 Were considered suitable for inclusion in
the Dioxin Registry. Based on the exi:ensive analytical data (Tables 16
through 24) it can be seen that TCDD was found in 2.4,5-TCP and 2,4.5-TCP
derivatives and HxCDD was found in PCP and PCP derivatives. Area and
personal air samples (Tables 28 through 56) show that workers involved in
these processes were exposed to the raw materials. intermediates, products,
and more than likely waste materials. In 265 Building, area and personal
air samples showed those workers were also exposed to HxCDD, HpCDD, and
aCDD. Surface wipe samples, while difficult to fully relate to personal
exposure, illustrated that a potential existed for skin exposure to TCDD,
HXCDD. HpCDD. and aCDD in these workers. In addition, the presence of
chloracne in workers in 199 Building and 265 Building indicates that
substantial exposure to chloracnegens (TCDD and/or HxCDD) occurred. Based
on process descriptions, analytical analyses of products. process streams,
and wastes for polychlorinated dibenzo-p-dioxins. job descriptions. and
industrial hygiene data and information. it will be possible to construct en
exposure matrix to estimate potential exposure to dioxins for the workers
from Dow included in the Dioxin Registry.
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APPEtiDIX A

Dow Building Layouts
Figures 1 through 10

and
Tables 1 through 3

The Dow Chemical Company
Midland, Michigan
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Table 1

Buildings, Oates, Products and Organizational Lists
for the Processes Relevant to the Dioxin Registry

The D~ Chemical Company
Midland, Michigan

Building
Organization Units of Buildings

and Their Oates (Relevant to Study Only) Process Products and Their Oates of Production

199A

199

OCFN/PEA

Aniline

1942-1945

April 1945 - Fall 1966

Development NaTCP

Old NaTCF', Batch

NaTCP

HaTCP

1942~r 1945

Apri 1 1945 - 195;

Old NaTCF', Continuous NaTCP 1952 - Fa11 1ge.E

804
(Ccrr.ple~) Trich1orophenol June 1966-February 1979 He.". TCP TCP June 1965 - Feb

489 2,4-0 PrOduction 1950 - 1983 Add Ester

Direct Ester

Butyl Ester of
2,4,5-T
An
Esters of 2,4,5-T*
All Si1ve~ Esters*
All Esters of 2,4-0

1952 - 19S5

3Q 19£7-Feb 1979
1972~;; 1978
3Q 19£6 - Feb 19~

Amine Fo~lation Amines of 2,4-0*
Amines of 2,4,5-T*
Ami nas of MCPA~

Ester Fo~lation All 2,4,5-T' Ester
F01'll:l.llations

All Silve~ Ester
F01'll:l.llations

All 2,4-0 Ester
FOM'l:lJlations

MCPA Ester
FOM'l:lJlations

Acid-EsterCD/Butyl T) N-8utyl Ester of
2,4,5-T:it

1950-1983
1950-1983
1958-1983

1950-1982"''it'it

1958-1982~

1950-1983

1933

1952 - April 1967

All Esters of 2,4-tr-r 1950 - 1983

2,4-D Add 2,4-0 Acid 1950 - 1980

it Usually produced NO" products
~ Intennittent operation

it'it'it Operated regularly only to 2 Quarter 1979, then intennittently
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Table I (continued)

Buildings, Dates, Products and Organizational Lists
for the Processes Relevant to the Dioxin Registry

The Dow Chenrical Company
Midland, Michigan

Organization Units of Buildings
Building and Their Dates (Relevant to StUdy Only) Process Products and Their Oates of Production

338 Chemical Products
Develop Dept 1957 - 1963 Ronnel Ronnel 1957 - Feb 1970

KorlanR-ZytronR Jan 1963 - Feb 1963 Apr 1971 - Mar 1972
Ronnel-ZytronR Feb 1963 - Feb 1970
Cyclic Products Mar 1970 - Mar 1972

B40 Animal Health May 1973 - Sept 1974 Ronnel Ronnel Mar 1973 - Dec 1977
DursbanR/Ronnel Sept 1974 - Dec 1977

265 DowicideR 1937 - 1978 DowicideR 2 OowicideR 2
(Flaked TCP) 1946 - 1978

DowicideR B OowicideR B
(Crystalline NaTCP) 1946 - 1977

265 OowicideR 1937 - 1978 PCP Finishing Pentachlorophenol 1935 - 1978
PCP Productionn Pentachlorophenol 1941 - 1978

(OowicideR 7)
Sodium Pentachloro-

phenate 1941 - 1976
(Dowi cideR G)

349 Bisphenol 1946 - 1965 Old TCP Acidification TCP (Unpurified) Apr 1946 - Fall 196
Chlorophenol 1965 - 1972 TCP Distillation TCP (Purified) Apr 1946 - Fal1 196

Hi-Purity TCP 1966 - 1979

DowicideR 1972 - 1978 PCP Distillation Pentachlorophenol 1973 - 198Q
Pentachlorophenol Aug-1978 - Dec 1980 PCP Production Pentachlorophenol 1978 - 1980

(DowicideR EC-7)
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Table 1 (continued)

Buildings, Oates, Products and Organizational Lists
for the Processes Relevant to the Dioxin Registry

The Oo~ Chemical Company
Midland, Michigan

Building
Organization units of Buildings

and Their Oates (Relevant to Study Only) Process Products and Their Oates of preduction

441 ErJ:t:o Ester
MaTCA &Baron p1t
Dmi EeR PIt

Pentachlorophenol
~na.x

1955 - 1957
1957 - 1970

1970 - ~c 1974

1947 - 1963
19£3 - Apr 1966

Erl:ion

Pentachlorophenol
Chlorination

Erl:ion and Erl:ion
FOl'lT1l1ation

Crude PCP-

Jan 1955 - Dec 1974

Nov 1950 - Apr 1966

F1 aked PCP FI aked PCP 1947 - Apr 1966

Crysta 11 ine NaPCP Crystalli ne NaPCP 1947 - Apr 1966

Zinc Trichlorophenate Zinc Trichlorophenate 1951 - 1958

2C6 Daikides 1935 - 1941 Tetra/Pentachlorophenol Tetra/Pentachlorophenol
(De'lelopr-enta1) Sodium Pentach10ro-

phenate Jan 1935 - Dec 1941

649 Erl:ioll Erl:ion Jan 1965 - Dec 1974
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Table 1 (continued)

Buildings, Dates, Products and Organizational Lists
for the Processes Relevant to the Dioxin Registry

The Dow Chemical Company
Midland, Michigan

Building
Organization Units of Buildings

and Their Dates (Relevant to Study Only) Process Products and Their Dates of Production

261 Organic Semi Plant 1948 - 1951
Chemical Production Jan 1951 - 1963
Organic Chemical Products
Cyclic Products 1968 - 1911

2,4-0 Acid 2,4-0 Acid 1948 - 1950
Q 1961 - 2Q 1969

1963 - 1968
2,4,5-T Acid (Pilot) 2,4,5-T Acid 1948 - 1950

2,4,5-T Acid 2,4,5-T Acid Mar 1950 - Apr 1967
Oct 1969 - May 197\

5i hex Acid 5ilvex Acid 1958 - May 1971

Acid-Ester (T/5ilvex/0) All (Except N-Butyl)

Esters of 2,4,5-T Mar 1950 - Apr 1967
4Q 1969 - 2Q 1911

All 5ilvex Esters 1958 - 2Q 1911

All Esters of 2,4-0 1948 - 1950
lQ 1961 - 2Q 1969

Developmental Ronnel* Ronnel *
1955 - Jan 1951

* Usually produced "0" products
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Table 1 - Symbol Codes

OCPN/PEA = ort.ho-chloro-para-aniline/phenethyl alc.ohol
Aniline = Benzeneamine
NaTCP = Sodium 2,4,5-trichlorophenate
TCP = 2,4,5-trichlorophenol
2,4-D = 2,4-dichlorophenoxyacetic acid
2,4,5-T = 2,4,5-trichlorophenoxyacetic acid
Silvex = 2-(2,4,5-trichlorophenoxy)propionic acid
MCPA = 2-methyl-4-chlorophenoxyacetic acid
Ronnel = O,O-dimethyl O-(2,4,5-trichlorophenol)est.er of phosphorothioic

acid
Dowicidee 2 = 2,4,5-trichlorophenol
Dowicidee B = Sodium 2 4,5-trichlorophenate
Dowicide* 7 = Dowicide' EC-7= PCP = pentachlorophenol
Dowicide- G = NaPCP = Sodium pentachlorophenate
Erbon = 2,2-dichloropropanoic acid 2-(2,4,5-trichlorophenoxy)ethyl

ester
Zinc Trichlorophenate = Dowicidee 9-B seed protectant = Zinc(II)Salt(2:1)

trichlorophenol
Korlan~ = Formulation cont.aining ronnel
zytron@ = O-methyl O-(2,4-dichlorophenyl)ester of phosphorothoic acid
Dursban~ = O-O-diethyl O-(3,5,6-trichloro-2-pyridinyl)ester of

phosphorothioic acid
Barone = Formulation containing Erbon
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Table 2

2,4,5-T Production as a Percent of Time
267 Building

The Dow Chemical Company
Midland, Michigan

~ Running Time

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
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6
2.4
6
1
o
2.5

17
2.1
6

19
18

9
34
44
37
22
63
13
o

Not available
82
34



Table 3

2,4,5-T Ester Production Direct-Ester Process,
as a Percent of Time

!l89 Building
The Dow Chemical Company

Midland, Michigan

2,!l,5-T Ester
~ Running Time

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
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Not available
Not available
Not available

18
ill
47
36
36
27
49
46
33
14





APFEHDIX E

Dow Job Titles and Descriptions
Tables 4 through 14

The Dow Chemical Company
Midland, Michigan

-76-





Table 4

Generic Job Title Descriptions Applicable Across
Organizational units TIlrough the Years

The Dow Chemical Company
Midland, Michigan

Job Titles
Superintendent
Superintendent, Plt. Supt.

Professional/Technical
Techn. Supv., Project SUpv., Project
Lead., Proc. Dev. Supv., Lab Project
Ld., Group Leader, Engineer
Prodn. Engr., Prod. Dev. Engr., Sr.
Prodn. Engr., Dept. Maint. Engr.,
Sr. P. Dev. Engr., Res. Dev. Engr' l

Chern. Engineer, Prod. Chem. Engr.,
Chemist, Prod. Chemist, Organic
Chemist, Paint Chemist, Biologist,
Environmental Supervisor, Tech. Assist.

Plant Supervisory
Prodn. Supt., Prod. Supv., Semi-plant
Supv., Prod. Pl. Supt., Warehouse
SUpervisor, Main. Supervisor, Sr.
Prod. Supv., Assist. Supt., Assist.
Pro Pl. Sp., Assist. Plt. Supt., Pro
PIt. Assist. Sp., General Foreman

Clerks
Shipping Clerk, Mast. Ship. Clerk,
Clerk, Assist. Ship. Clerk

Plant Maintenance
PIt. Mech., Jrny. Mech., Repair Man,
Plant Repair Mech. Draftsman, PIt.
M,e,ch. Crer.r Leader

Utility Man, Utility Man CI. I,
Utility Kan CI. 2
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Description

In production areas, some were
very active and were known to
have exposures.

Occasionally in all production
areas of a organizational unit.

Trouble shooting activities in
process areas throughout
organizational unit--not
routinely in process area.

Primarily handled clerical work
and will be included only if
additional information on
exposure is provided.

Routine inplant maintenance
throughout the unit.

Same as above except lower skill
levels and less exp,erience.



Table 4

Generic Job Title Descriptions Applicable Across
Organizational Units Through the Years

The Dow Chemical Company
Midland, Michigan

Job Titles
First Line Supervision
Foreman, Tech. ·Foreman, Operations
Foreman, Shift Foreman, Head
Operator Subforeman, Provsnl.
Foreman, Crew Leader, Prv. Shift
Foreman

Multi-job Operating Crew
Spare, Alternate

Analytical
Anal. Tech. Cl. 1, Anal. Tech. CI. 2,
Lab. Assist., Sr. Lab. Tech., Lab.
Tech., Lab. helper, Cl. 1 Test. Tech.,
Test. Tech. Cl. 2, CI. 1 Spec. Test.,
CI. 2 Spec. Test., CI. 1 Spec. Anal.,
Cl. 2 Spec. Anal.

Janitors
Janitors, Handyman, Jan.-Hdyman,
Janitor-Handyman
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Description

Responsible for process
operations, or portions of
process operations,
troubleshooting, about half-time
in processing areas.

Fill-in operators. Could have
been assigned to any of the
operator classifications on a
day-to-day basis or perfot~

maintenance on a limited basis.

Performed lab analyses of samples
from process streams, quality
assurance; normally would not
have collected sample. Some
judgement will be necessary by
organizational unit.

Clean up, lunch rooms, etc., not
generally in process area.
Handyman may do some material
handling.



Table 5

Early 2,4,5-Trichlorophenol Operation
Job Titles and Descriptions

1942-1946
199 (199A) Building

The Dow Chemical Company
Midland, Michigan

Organizational unit
OCPH/PEA (19~2 - 1945)

A full-scale commercial production plant for manufacturing
2,4,5-trichlorophenol (TCP) was brought on-stream in April, 1946. Prior to
that date (from about 1942 through 1945), low volume quantities of TCP wsre
produced on a sporadic basis. From work history records and interviews with
a former supervisor, an organization unit, OCPNIPEA
(ortho-chloro-paranitroaniline/phenyl ethyl alcohol), was identified in
connection with the early TCP operations. The organization unit was located
in 172 and 199 Building, with the TCP process being in 199 Building. A
trichloro operator was associated with the unit between 1942 and 1945.
Annual January Census list for the years 1942 through 1946 have been used to
identify employ,ees and job classifications assigned to the unit for
inclusion in the Dioxin Registry.

Job Title Dates
Supt. 1942 - 1946

Asst. SUpt. 1942 - 1946

Chern. Engr. 1942

Chemist 1942 - 1943

Foreman 1945 - 1946

Sub-Forman 1942 - 1944

Lab. Helper 1942 - 1943

Plant Repair 19~3

Plant Mech. 19106

Handyman 194~-1946

Description
Generic

Generic

Generic

Generic

Generic

Generic

Located in 172 Building,
worked on TCP analysis.

Generic

Generic

Generic
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Table 5

Early 2,4,5-Trichlorophenol Operation
Job Titles and Descriptions

1942-1946
199 (199A) Building

The Dow Chemical Company
Midland, Michigan

Job Title
Alternate Op.

Relief Op.

Class 2 Operator

Class 3 Operator

Asst. Operator

Oper. Helper

Trichlor. Operator

Janitor

uates
1945-1946

1942

1946

1944

1943-1945

1942

1943-1945

1942-1946
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Description
Probably worked on TCP
process.

Probably worked in 199A
Building.

Possibly worked on TCP
process.

Possibly worked on TCP
process.

Worked on TCP and OCPN
process (more on OCPN).

Probably worked on TCP
process.

Operated TCP process.

Potentially exposed to TCP.



Table 6

Old 2,4,5-Trichlorophenol operation
Job Titles and Descriptions

1946-1966
199 Building

The Dow Chemical Company
Midland, Michigan

Organization~l Unit
Aniline (April 1946-Fall 1966)

The organizational unit, aniline, contained TCP process. Date of
2,4,5-trichlorophenol (TCP) production April, 1946 through Fall 1966. The
aniline and TCP operation were both in 199 Building in close proximity to
one another.

Job Title Dates Description
Superintendent 1946-1966 Generic

Asst. Superintendent 1946-1966 Generic

Foreman 1953-1960 Generic

T. Foreman 1955 Generic (probably foreman
for TCP Process)

Jrny. Mech. 1946-1951 Generic

Mech. Draftman 1951-1953 Generic (most time spent as
plant mechanic)

Plant Mechanic 1946-1966 Generic

Utility Man. 1946 Generic

Sub-Foreman 1946-1953 Generic

Head Operator 19i16-1966 Generic (time spent among
all processes in dept.)

Alternate Operator 1946-1950 Generic
1958-1966

AU Head Operator 1949-1958 Generic

Cl. 2 Alt. Cp. 1948 Generic
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Table 6

Old 2,4,5-Trichlorophenol Operation
Job Titles and Descriptions

1946-1966
199 Building

The Dow Chemical Company
Midland, Michigan

Job Title
Analyst Tech. Coor.

Cl. 2 Analyst Tech.

Dates
1954-1966

1950-1954

Description
Generic (inventory work,
performing aniline process
analyses and small amount
of TCP process analyses)

Generic (Perfot~ed lab
analyses on mostly aniline
and some TCP processes)

el. 1 Special Analyst. 1946-1949

Janitor-Handyman 1950-1954

Handyman 1946-1950, 1954

Janitor 1946-1949
1954-1958

Recovery Operator 1946-1966

Generic (Basically same as
Cl. 2 Analyst Tech.)

Clean-up, janitor work and
material handling.

Generic (Clean-up and
material handling)
Generic (Clean-up and
janitor work)

Primarily worked on aniline
process in recovery
operations, cleaned
presses, treated tanks, etc.

Reactor Operator

Press Fil t. Op.

Press Operator

Reactor Press
and Filter

1946-1966

1949-1950

1946-1948

1950
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Ran aniline reactors and
TCP reactors, and support
activities including
unplugging of lines.

Moved materials, cleaned
and changed filter in the
aniline process.

Probably cleaned filter
press used in aniline
operations; little time
spent in TCP process.

See reactor operator and
press operator.



Table 6

Old 2,4,5-Trichlorophenol Operation
Job Titles and Descriptions

1946-1966
199 Building

The Dow Chemical Company
Midland, Michigan

Job Title
TCP Mixer Operator

Top Mixer Operator

Mixer Operator

Tri. Ch. Ph. Opr.

still Operator

Catalyst Operator

Operator Analyst

Transfer Man

Dates
1955-1966

1953

1946-1949

19116-1952

19116-1966

19116-1949

1950-1954
1956

1964-1966

1946-1950
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Description
Primarily mixed caustic
with methanol in the first
step of the TCP process,
performed material transfer
and some sampling of
process streams.

Probably same as TCP mix
operator, except would have
worked on other processes
also.

Job redefined to be press
and filter operator
(aniline process in
proximity to TCP process).

Ran TCP process: mixed
starting materials;
transferred to reactors;
unloaded reactor: did some
sampling of process
streams; ran the
MethocelO still.

Operated stills, ammonia
towers and transferred
material in the aniline
process.

Mixed catalysts in the
aniline operations.

Operations in aniline
process and maintenance
throughout the plant;
sample analysis.

Received aniline process
raw materials.



Table 6

Old 2,4,5-Trichlorophenol Operation
Job Titles and Descriptions

1946-1966
199 Building

The Dow Chemical Company
Midland, Michigan

Job Title
Head Packer

Packer

Head Pack Tsfr.

Flaker Operator

Chlor & Greasing
Operator

Phenol Recovery Oper.

Mixer man

Dates
1946-1950

1946-1949

1950-1960
1962-1966

1947-1954

1948

1950

1948
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Description
Aniline process; loading.

Aniline process; loading.

Aniline process; loading.

Aniline process

Lubricated equipment in 199
Building

Primarily worked on aniline
process in recovery
operations, cleaned
presses, treated tanks, etc.

Job redefined to be
press/filter
operator-aniline process



Table 7

Chlorophenol Distillation operation
Job Titles and Descriptions

1946-1972
349 Building

Dow Chemical Company
Midland, Michigan

Organizational Unit
Bisphenol 1946-1965
Chlorophenol 1965-1972
Dowicidee Still Operations 1972-1978
Pentachlorophenol Production 1978-1980

Sodium 2,4,5-trichlorophenate (NaTCP) was piped from 199 Building to 349
Building where neutralization with hydrochloric acid was carried out and
where distillation removed other chlorophenols which were returned to the
raw material streams for further chlorination. Additional removal of dioxin
contamination would have also occurred beyond the steps carried out in 199
Building. Beginning in 1967, about one year after 804 Building came on
stream, molten 2,4,5-trichlorophenol (TCP) rather than NaTCP was sent to 349
Building. TCP distilled at this time was known as hi-purity TCP. The
hi-purity TCP product for use in ronnel production would have contained less
residual chlorophenols. Other chlorophenol (mono-, di-, tri) were also
finished in this area. Pentachlorophenol (PCP) was distilled in 349
Building after 1972. In addition, bisphenol was manufactured in a separate
section of 349 Building ( 20-foot separation but with common lunchroom) and
other processes may have existed in the building over the years (e.g.,
sodium sulfonates). At most, employees assigned to these other processes
would have experienced inteltnittent low exposure to TCP and related products.

Bisphenol (1946 - 1965) (Maintenance 1965 - 1972)
(This organizational unit existed before 1946 and after 1965; TCP
neutralization and distillation occurred between 1946 and 1965 in this unit;
in 1965, the distillation operations were reorganized under the chlorophenol
organizational unit.)

Job Title Dates Description
Superintendent 1947-1965 Generic

Assist. Pro PI. Sp. 1952 Generic

Assist. Supt. 1963-1965 Generic

Prod. Dev. Engr. 1965 Generic

Chemical Engineer 1947-1962 Generic

Chemist 1947-1963 Generic

General Foreman 1963-1965 Generic
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Table 7

Chlorophenol Distillation Operation
Job Titles and Descriptions

1946-1972
349 Building

Dow Chemical Company
Midland, Michigan

Job Title Dates
Foreman 1947-1965

Sub-Foreman 1947-1958

Crew Leader 1962-1965

Head Operator 1948-1965

Alternate 1956-1962
1967-1972

Utility Man Cl. 1 1952-1972

Utility Han Cl. 2 1959-1966

PA Tr. Stl. Oper. 1955-1965

Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Started-up and operated
stills, sampled lines and
performed analytical work
for TCP.

Still Oper.

Assist. Still Oper.

Janitor-Handyman

Handyman

Lorry Oper. Handyman

Cl. 1 Spec. Analyst

1945-1958
1960

1949

1955
1957
1965

1946-1949
1952-1959

1966-1969
1970-1972

1952-1972
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Basically same job as PA Tr.
Stl. Oper.

Same job as PA Tr. Stl.
Oper.

Clean-up and some
maintenance in TCP
operations.

Same job as janitor­
handyman.

Drives forklift truck and
did low skill maintenance,
some work in TCP operations.

Laboratory work; potential
TCP exposure.



Table 7

Chlorophenol Distillation Operation
Job Titles and Descriptions

1946-1972
349 Building

Dow Chemical Company
Midland, Michigan

Job Title.
Assist. Oper.

Cl. 2 Operator

Dates
1948-1958

1945-1957

Description
Presumably asst. still
operator, therefore would
have same job as still op.

Could possibly have worked
on TCP at some point.

Chlorophenol (1965-1972)
The establishment of the Chlorophenol Unit was an organizational change, not
a change in operating personnel or location of process. In 1972, the same
operations were reassigned to the Dowicide- antimicrobials unit.

Job Title
Superintendent

Assist. Supr.

Prod. Dev. Engr.

General Foreman

Foreman

Utility Man CI. 1

Head Operator

Spare

Alternate

Para-Tri-Stl. Op.

still Operator

Dates
1965-1972

1968-1972

1965-1968

1965-1971

1966-1968
1971

1965-1972

1965-1970

1968-1973

1965-1967

1965-1970

1968-1972
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Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Same job as FA Tr. Stl.
Oper. in Bisphenol
organizational unit.

Same job as PA Tr. SH.
Oper. in Bisphenol
organizational unit.



Table 7

Chlorophenol Distillation Operation
Job Titles and Descriptions

1946-1972
349 Building

Dow Chemical Company
Midland. Michigan

Job Title
Jan.-Handyman

Shipper

Dates
1965-1972

1965
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Description
Maintenance and drumming;
potential TCP contact.

Handled bags of
pentachlorophenol; at most.
low intermittent TCP
exposure.



Table 8

Ne~ 2,4,S-Trichlorophenol Operation
Job Titles and Descriptions

1966-1979
804 Building

The Dow Chemical Company
Midland, Michigan

Origanizational Unit
Trichlorophenol (June 1966-February 1979)

In June 1966, a ne~ significantly changed 2,4,S-trichlorophenol (TCP)
process was brought into operation in 804 Building. The origanization unit
of which the TCP process was a part of was known as trichlorophenol. The
process operated until February, 1979. There were no other processes
involved in this origanizational unit.

Job Title
Superintendent

Prodn. SUpt.

Techn. Supr.

Assist. Superintendent

Prod. Chemist

Sr. Prodn. Engineer

Prod. Chern. Engr.

Prod. Dev. Engr.

Foreman

Utility Man Cl. 1

Spare

Alternate

Dates
1967

1969-1973
1977-1979

1974-1977

1973

1967-1969

1972

1976
1978-1979

1970

1968-1970

1967-1972
1974-1978

1967-1972

1972-1979

1978-1979
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Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic (Haintenance on
pumps and miscellaneous
clean-up) .

Generic

Generic



Table 8

New 2,4,S-Trichlorophenol Operation
Job Titles and Descriptions

1966-1979
804 Building

The Dow Chemical Company
Midland, Michigan

Job Title
Trichlor Operator
(Trichlphnl. Oper.)

Loader Lorry Operator

Dates
1967-1979

1974-1976
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Description
Ran TCP process; loaded
reactors; ran finishing
operations, collected TCP
process samples, and
transferred materials.

Handled raw materials, made
equipment preparation, and
operated forklift truck.



Table 9

2,4.5-Trichlorophenoxyacetic Acid and Acid Ester and
2-(2,4,5-Trichlorophenoxyjpropionic Acid and Acid Ester

Production Job Titles and Descriptions
1948-1971

267 Building
The Dow Chemical Company

Midland, Michigan

Organizational Unit
Organic Semi-Plant 1950-1956 (Unit predates the 1950's)
Chemical Production 1957-1963
Organic Chemical Products 1961-1968

Cyclic Products 1968-1971 (Unit postdates 1971)

commercial production of Z,4,5-trichlorophenoxyacetic acid (2,4,5-T acid)
began in 1950. Pilot plant operations date back to 1947. As implied by the
unit name, "Organic Semi-Plant", this unit was involved with experimental
and pilot plant work for a number of organic chemicals. The TCPA operator
was specifically assigned to the 2.4,5-T acid pilot operations. The size of
the 2,4,5-T acid work force expanded considerably in 1950, with the start-up
of the full-scale production. These operations included an esterification
process and. by 1958. production of 2-(Z,4,5-trichlorophenoxy)propionic acid
(silvex). (Note: Silvex operator first appears on 1962 census list.)
Commercial production of 2,4,5-T acid and Silvex ceased in 1971. The
Organic Semi-Plant included diversified operations spanning several
buildings. Thus, it is unlikely that professional/technical personnel would
have been assigned to multiple production areas as could be tbe case for
maintenance employees. However, it is very difficult to determine on a
one-to-one basis whether or not supervisor x or chemist y was assigned to
latex versus 2,4,5-T acid operations prior to 1958.

Job Title Dates Description
Superintendent 1969-1971 Generic

Prod. PI. Supt. 1950-1969 Generic

Assist. Superintendent 1969-1973 Generic

Assist. Pit. Supt. 1958-1969 Generic

Semi Plant Supr 1962 Generic

Pro Pit. Assist. Sp. 1950 -1959 Generic

Proe. Dev. Supr. 1956-1960 Generic

Dept. Mnt. Eng. 1957-1959 Generic
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Table 9

2,4,5-Trichlorophenoxyacetic Acid and Acid Ester and
2-(2,4,5-Trichlorophenoxy)propionic Acid and Acid Ester

Production Job Titles and Descriptions
1948-1971

267 Building
The Dow Chemical Company

Midland, Michigan

Job Title
Organic Chemist

Chemist

Res. Dev. Engr.

Sr. P. Dev. Engr.

Prod. Dev. Engr.

Engineer

Chern. Engr.

Group Leader

Lab. Proj. Ld.

Project Lead.

Shipping Clerk

Prod. Dev. Techn.

Anal. Tech. Cl. 2

General Foreman

Foreman

Provsnl. Foreman

Shift Foreman

Prv. Shift Foreman

Crew Leader

Dates
1957-1960

1948-1963

1950-1960

1956

1948-57,1965-1967

1950-1960

1950-1963

1950-1957

1956-1959

1950-1956

1948-1968

1968-1969

1951-1963

1968-1971

1950-1971

1968

1968-1971

1968

1950-1953
1957-1958
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Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Clerical with some 2,4,5-T
acid sampling (less than
1/4 of time)

Generic

Up to 1~ of time running
2,4,5-T acid analyses

Generic

Generic

Generic

Generic

Generic

Generic



Table 9

2,4,5-Trichlorophenoxyacetic Acid and Acid Ester and
2-C2,4,5-Trichlorophenoxy)propionic Acid and Acid Ester

Production Job Titles and Descriptions
1948-1971

267 Building
The Dow Chemical Company

Midland, Michigan

Job Title
Cooler Operator

Alternate

PIt. Mech. Cr. Leader

Plant Mechanic

Spec. Welder

Jrny. Welder

TCPA Operator
CTCPAA)

Oven Wheel Op.

2,4,5-T Reactor Op.

2,4,5-T Ac. Wh. Cp.

2,4,5-T Na Wh. Cp.
C2,4,5-T Na Sl. Op)

2,4,5-T Drier Cp.

Dates
1962

1965-1968

1953-1959

1948-1959
1963-1971

1948-1959

1948-1959

1948-1950

1948-1950

1951-1971

1951-1971

1951-1971

1951-1971
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Description
Unknown

.Generic

Generic

Generic

Generic

Generic

Operated 2,4,5-T acid pilot
plant operations; wheel
operator and drier operator
jobs.

Previously TCPA operator,
basically dried 2,4,5-T
acid.

Transferred raw materials
to 2,4,5-T acid reactor and
ran the reactor.

Ran acidification
operations and a
centrifugation operation in
the 2,4.5-T acid process.

Ran a centrifugation,
bleaching rea,ction and
filtration operations in
the 2,4,5-T acid process.

Ran a drier Which dried
2,4.5-T acid and packaged
the dried 2,4,5-T acid.



Table 9

2,4,5-Trichlorophenoxyacetic Acid and Acid Ester and
2-(2,4,5-Trichlorophenoxy)proptonic Acid and Acid Ester

Production Job Titles and Descriptions
1948-1971

267 Building
The Dow Chemical Company

Midland, Michigan

Job Title
2,4,5-T Ester Op.

Spare

Silvex Operator

Tray Handler

Lorry Operator

Tank Car Loader

Operator Handyman

Tank Carman

Ronnel Operator

Phenate Op.

Dates
1953-1971

1956-1971

1962-1971

1962-1971

1951-1961

1958-1971

1958-1965

1950-1956

1970-1972

1964-1972
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Description
Operated esterification
process, added 2,4,5-T acid
and higher alcohols,
handled solid 2,4,5-T acid;
silvex was made in same
equipment.

Generic, worked as an
alternate in 2,4,5-T acid
process.

Operated reactors and
handled Silvex.

Loaded silvex trays by
shovel, pulled trays out of
oven and dumped dried
silvex into fiberpaks.

Clerical and fork lift
truck driver and
repackaging of 2,4,5-T acid.

Unloaded and sampled
2,4,5-trichlorophenol (TCP)
and cleaned presses.

Not known. Part of Organic
Chemical Production.

Unloaded tank cars
including TCP.

Operated ronnel reactors in
338 Building.

Made up sodium
2,4,5-trichlorophenate from
TCP.



Table 9

2,4,5-Trichlorophenoxyacetic Acid and Acid Ester and
2-(2,4,5-Trichlorophenoxy)propionic Acid and Acid Ester

Production Job Titles and Descriptions
1948-1971

267 Building
The Dow Chemical Company

Midland, Michigan

Job Title
KCF Reactor Operator

KeF Wheel Op.

Class 1 Operator

Class 2 Operator

LA 1 Operator

Prim. Pool Operator

Spec. Pool Operator

Sr. Pool Operator

still Operator

Janitor-Handyman

Dates
1953-1962
1959-1962

1954-1959
1963-1971

1948-1971

1948-1971

1965

1957-1962

1957-1963

1960-1963

1954-1971

1950-1971
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Description
Ran methyl
chlorophenoxyacetic acid
reactors (sam,e equipment
used to produce 2,4,5-T).

Same as the MCF reactor
operator until 1963;
probably ran Silvex
reactors from 1962 to 1972.

Ran reaction and
distillation operations in
semi-plant; TCF or 2,4,S-T
contact unlikely.

Same as Class 1 Operator
except lower labor grade.

Probably an error in census
system. Most likely a
Class 1 Operator.

Developmental work for
multiple chemical including
ronnel; TCP exposure
possible.

Same as Prim. Pool Operator.

Same as Prim. Pool Operator.

Operated TCE stills, filled
cans and drums with TCE and
possibly some esters.

10-15~ of tima unloading
2,4,5-T acid trailers,
filled containers in 339
Building, janitor work and
some maintenance.



Table 9

2,4,5-Trichlorophenoxyacetic Acid and Acid Ester and
2-(2,4,5-Trichlorophenoxy)propionic Acid and Acid Ester

Production Job Titles and Descriptions
1948-1971

267 Building
The Dow Chemical Company

Midland, Michigan

Job Title
Matl. Hd. Check

Handyman

Dates
1952-1959

1948-1959

-96-

Description
Assigned to 267 Building,
primarily drove pick-up;
supply delivery; 1~ time
in maintenance.

Shipper, janitor work,
equipment clean-up,
presumably 267 Building.



Table 10

2,4-0ichlorophenoxyacetic Acid Esters, 2,4,5-Trichlorophenoxyacetic
Acid Ester, and 2-(2,4,5-Trichlorophenoxy)propionic Acid Ester

"Direct-Ester" Production Job Titles and Descriptions
1950-1983

489 Building
The Dow Chemical Con~any

Midland, Michigan

Organizational Unit
2,4-D Production (1950-Present)

Production of 2,4-dichlorophenoxyacetic acid (2,4-D acid) dated back to
1945. The earliest 2,4,5-trichlorophenoxyacetic acid (2,4,5-T acid) ester
production could have predated 1950 on a pilot plant scale; however,
commercial productions of 2,4,5-T acid in 267 Building began in 1950 and,
therefore, any appreciable 2,4,5-T acid ester production in 489 Building
would have occurred after 1950. Prior to the introduction of the
direct-ester operations in 1966, the product mix in 489 Building was
predominantLy 2,4-0 acid and its ester (less than 10~ and probably 3 to 4~

was 2,4,5-T acid related product).

The direct-ester process was placed in operation in 1966, but it was 1967
before 2,4,5-T direct-esters were manufactured.
2-(2,4,5-trichlorophenoxy)propionic acid (Silvex) direct-ester were produced
in the direct-ester process after 1971. With the direct-ester operations,
th,e percentage of 2,4, 5-T acid related products increased to as much as 3~

of the total production time.

In 489 Building formulation work, 2,4,5-T acid was used in liquid
formulations; packaging of dried products in 489 Building would have been
2,4,-0 acid related. Tordone operations took place in a separate
building. 2,4,5-T acid was used in one Tordon formulation that was produced
infrequently.

Job Title Dates OescriIltion
Superintendent 1969-1979 Generic

Prod. P!. Supr. 1950-1971 Generic

Production Supr. 1974-1979 Generic

Assist. Supt. 1966-1968 Generic
1969-1974

Prod. Pt. Assist. Supt. 1950 Generic
1957-1969

Projt. Supt. 1979 Generic
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Table 10

2,4-Dichlorophenoxyacetic Acid Esters, 2,4,5-Trichlorophenoxyacetic
Acid Ester, and 2-(2,4,5-Trichlorophenoxy)propionic Acid Ester

"Direct-Ester" Production Job Titles and Descriptions
1950-1983

489 Building
The Dow Chemical Company

Midland, Michigan

Job Title
Maint. Supr.

Projt. Supervisor

Techn. SUpr.

Prod. Chern. Engr.

Chern. Engr.

Prod. Chemist

Production Engr.

Prod. Dev. Engr.

Tech. Assist.

General Foreman

Foreman

Shift Foreman

Provsnl. Foreman

Crew Leader

Head Operator

Alternate
(Alternate Operator)

Spare Op.

Plant Mechanic

Utility Man Cl. 2

Dates
1969

1978-1980

1973

1971-1974

1950-1957

1975

1975

1968, 1970

1971-1973

1970-1979

1950-1979

1966-1982

1974

1951-1975

1965-1968

1956, 1959, 1966

1968-1982

1963-1979

1975

-98-

Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic



Table 10

2,4-Dich1orophenoxyacetic Acid Esters, 2,4,5-Trich1orophenoxyacetic
Acid Ester, and 2-(2,4,5-Trichlorophenoxy)propionic Acid Ester

"Direct-Ester" Production Job Titles and Descriptions
1950-1983

489 Building
The Dow Chemical Company

Midland, Michigan

Job Title
C1. 2 Analyst. Tech.
(Ani. Tic Cl. 2)

Operator Analyst

Cl. 1 Spec. Analyst.

Cl. 1 Spec. Tester

D.E. Operator

Assist. D.E. Operator

Ester Operator

2,4-D Ester Op.

Assist. Ester Op.

DM! Operator

Dates
1953-1979

1950-1951

1950-1953

1950-1952

1967-1979

1966-1977

1950

1951-1971

1952-1971

1953-1969

-99-

Description
Lab analyses of entire
product line; perhaps 3~

2,4,5-T acid related
analyses after direct ester
process come on line.

Same as Cl. 2 Analyst. Tech.

Lab analyses entire product
line.

Lab analyses entire product
line.

Operated direct ester
process and associated
equipment (included 2,4,5-T
and Silvex direct esters).

Made material transfers,
cleaned filters, operated
auxiliary equipment
(included 2,4,5-T and
Silvex direct esters).

Made esters by acid ester
process; probably 2,4,5-T
acid ester 3 to 4~ of the
time.

Same as ester operator.

Same as ester operator.

Made water-soluble
formulations of 2,4-D acid;
ran DM!. (dimethy1amine)
reactor; aminization of
2.4,5-T acids.



Table 10

2,4-Dichlorophenoxyacetic Acid Esters, 2,4,5-Trichlorophenoxyacetic
Acid Ester, and 2-(2.4.5-Tri~hlorophenoxy)propionicAcid Ester

"Direct-Ester" Production Job Titles and Descriptions
1950-1983

489 Building
The Dow Chemical Company

Midland, Michigan

Job Title
2,4.5-T Ester Op.

Tordon· Operator

Tordon· Ester Op.

Tordon· Form. Opr.

Set-Up Man

Machine Op.

Formulation Oper.

Mat!. Handler

Loader-Checker

Dates
1967-1979

1964-1975

1967-1975

1967-1970

1968-1982

1976-1978

1974-1982

1968-1982

1969-1982
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Description
Operated direct ester
process & associated
equipment (included
2.4.5-T & Silvex esters

Formulations of picloram;
only one formulation (low
volume) was with 2.4,5-T
acid (597 Building).

Formulation and
filter-cleaning; mostly
2,4-0 acid and Tordon·
(597 Building).

Same as Tordon·Ester
Operator.

Set up packaging machinery
for drumming entire product
line including 2.4.5-T acid
formulations (blew out
lines. Changed transfer
hoses. sampling).

Probably drummed 1 and 5
gallon cans for entire
product line.

Formulated products
throughout the entire
produc t line.

Filled cans and drums,
entire product line.

Handled material with
fork-lift trucks and filled
drums a small percent of
the time.



Table 10

2,4-Dichlorophenoxyacetic Acid Esters, 2,4,5-Trichlorophenoxyacetic
Acid Ester, and 2-(2,4,5-Trichlorophenoxy)propionic Acid Ester

"Direct-Ester" Production Job Titles and Descriptions
1950-1983

/j89 Building
The Dow Chemical Company

Midland, Michigan

Job Title

Drum Filler

Dates

1951-1969

Descrit'tion

Filled cans and drums;
entire product line.

Clerk-Tank Car Unloader 1950-1981 Handled tank cars between
tank farm and building,
cleaned sparkler filters,
some 2,4,5-T acid involve~.

Lorry O-Handyman

Janitor-Handyman

1953-1969

1950-1953
1962-1982

-101-

Drives forklift trucks and
possible some maintenance
throughout the plant.

Cleaned sparkler filters
and handled materials;
possible contact with all
products.



Table 11

Ronnel (O,O-Dimethyl-O-(Z,4,S-trichlorophenyl)-phosphorothioate)
Production Job Titles and Descriptions

1955-1977
267, 338, 840 Buildings

The Dow Chemical Company
Midland, Michigan

Organizational unit
Organic-Semi Plant (1955-1957)
Chem. Prod. Dev. Dept. January 1957-January 1963 (Korlan basically same
product as Ronnel)
Ronnel-Zytron February 1963- February 1970
Cyclic Products (Ronnel) March 1970-Karch 1973
Animal Health Kay 1973-September 1974
Dursbane/Ronnel September 1974-September 1980 (Ronnel production ceased
at the end of 1977)

The Ronnel process was reassigned to different organizational units on
numberous occasions during its time of production, and has changed buildings
three times. The process was developed in the organic semi-plant in 267
Building in 1955 and became part of the Chemical Production Development unit
in 338 Building in 1957. In 1963, ronnel was briefly referred to as
Korlane-Zytron and then as Ronnel-Zytron. In 1971, Ronnel operators
were assigned to Cyclic Products. For a one-month period in 1972 ronnel was
produced by personnel from the Dursbane plant. In 1973, the ronnel
process was moved to 840 Building and became part of the organizational
unit, Animal Health. Finally the Ronnel operations were made part of the
Dursbane-Ronnel unit. Note that Ronnel followed Clopidol so that the
Clopidol operator worked only on Ronnel from 1973 forward. Job titles,
dates and descriptions involving Ronnel operations for the years prior to
1963 and between 1971 and 1972 have already been covered in the Table 9.

Ronnel/Zytron (1963 - 1970)
Job Title
Asst. Supt.

Chemical Engr.

Foreman

Shift Foreman

O-methyl/Ron. Op.

Dates
1963

1963

1963-1967

1970

1963-1970
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Description
Generic

Generic

Generic

Generic (covered multiple
processes.

Operated reaction part of
system (all closed vessels)
(O-methyl
chlorophosphorothioate) and
operated Ronnel process,
some lab work.



Table 11

Ronnel (O,O-Dimethyl-0-(2,4,5-trichlorophenyl)-phosphorothioate)
Produ~tion Job Titles and Descriptions

1955-1977
267, 338, 840 Buildings

The Dow Chemical Company
Midland, Michigan

Cyclic Products (1970 - 1973)
Job Title
Phenate Oper.

Job Title
Zytron Cp./Phenate Op.

Phenate Oper.

Sr. Pool Oper.

Ronnel Oper.

Dates
1964-1967

1967-1969

1963

1970-1972

1970-1972

Description
Hade amine esters and
sodium phenate salt of
2,4-dichlorophenoxyacetic
acid; reacting, s~ling,

filtering and drumming.

Hade up phenate solutions,
loaded caustic soda and
2,4,S-trichlorophenol (245
TCP) , ran analyses of 245
TCP.

Generic

Made up phenate solutions,
loaded caustic soda and
2,4,5-trichlorophenol (245
TCP), ran analyses of 245
TCP.
Ran ronnel process

1973-1974

Ronnel/Clopidol (1973 - 1974)
Job Title
Production SUperv.

Tech. Suipervisor

Asst. Chemist

Dates

1973

1974

Description
Generic

Generic

Generic

Foreman

Shift Foreman

Utility Man Cl. 1

Spare

1973-1974

1973-1974

1973

1973
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Generic

Generic

Generic

Generic



Table 11

Ronnel (O.O-Dimethyl-O-(2.4,5-trichlorophenyl)-phosphorothioate
Production Job Titles and Descriptions

1955-1977
267, 338, 840 Buildings

The Dow Chemical Company
Midland, Michigan

Job Title
Clop idol Operator

Ronnel Oper.

Asst. Clopidol

Handyman

Dursbane/Ronnel (1974 - 1977)
Job Title
Production Engineer

Asst. Chemist

Shift Foreman

Dates
1973

1974

1973

1973

Dates
1975

1975

1975

Description
Mostly worked as a Ronnel
Operator.

Ran ronnel process.

Probably same as Ronnel
Operator.

Generic

Description
Generic

Generic

Generic

Spare

Alternate

Utility Han Cl. 1

Handyman

Ronnel Op.

Dursbane Insectcide Op.

1975-1980

1980

1974-1976

1975-1976

1974-1977

1975-1976
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Generic

Generic

Generic

Generic

Operated ronnel process.

Probably operated ronnel
process.



Table 12

Erbon (2-(2,4,5-trichlorophenoxy)-ethyl 2,2-dichloropropionate)
Production Job Titles and Descriptions

1955-1974
441 Building

The Dow Chemical Company
Midland, Michigan

Organizational Unit
Emco Ester (1955-1957)
SODTCA (sodium trichloroacetate)/Erbon Plant (1957-September 1970)
Dow ECR Resins (September 1970-December 1974)

Erbon was produced from 1955 to 1974 in 441 Building. Production of erbon
ceased by 1975. During its years of production in 441 Building, erbon was a
part of three different organizational units shown above with appropriate
dates listed. Erbon production was performed sporadically, based on product
demands and represented a small fraction of the efforts for a given
organizational unit. Approximately 30~ of an operator's time was devoted to
erbon production. The ra~aining time was devoted to other operations,
namely morpholine production. Sodium trichloroacetate and electroconductive
(ECR) resins were also produced in 4111 Building by personnel on the same
organizational unit lists. Chloromethyl ether was a raw material used in
the ECR process. Erbon was handled only in Liquid form.

Tne size of 4111 Building workforce varied from 25 in 1957 to 110 in 1970.
However, the majority of the operating personnel would have been assigned to
sodium trichloroacetate or ECR resins on a full-time basis.

Job Title
Plant Mech.

Handyman

Head Op.

Spare Op.

Alternate Op.

L. & S. Oper.

Reactor and Still Op.

Dates
1955-19711

1955-1974

1955-1974

1972-1974

1969-1972

1955-1960

1960-1974
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Description
Generic, erbon exposure,
likely.

Generic

Generic (erbon exposure
possible)

Generic (all processes)

Generic

Ran Leveronic and styphen
processes on batch basis
(erbon exp,osure possible).

Ran up to six processes,
inclUding erbon, added
ethylene oxide sampled and
anlyzed
2,4,5-trichlorophenol, and
filled drums.



Table 13
Dowicide- Products Production Job Titles and Description

1935-1980
265, 206, & 349 Buildings
The Dow Chemical Company

Midland, Michigan

Organizational Unit
Dowicide- Production (1935-1978)
Pentachlorophenol (1978-1980)

The Dowicidee antimicrobials operations in 265 Building involved the
production of several different products including pentachlorophenol (PCP),
tetrachlorophenol (TetCP), 2,4,6-trichlorophenol (246TCP) and
ortho-phenylphenol. The chlorophenols were made by direct chlorination of
phenol, with subsequent distillation. Drying or flaking operations include
all of the above products plus 2,4,5-trichlorophenol (245 TCP). Packaging
and warehouse operations also took place in 265 Building. Operations in 265
building shut down in August 1978. The Dowicides organizational department
changed names to Pentachlorophenol in August 1978. PCP production and some
redistillation of TCP continued in 349 building until December 1980.
Although Dowicide products, such as pentachlorophenol (1935-1941), were also
produced in 206 Building, no 245 TCP was used in that building.
Tetrachlorophenol and pentachlorophenol were manufactured in 265 Building
during 1941. Ortho-phenylphenol and chlorophenyl phenol were also made in
206 Building.

Job Title
Superintendent

Assist. Superintendent

Warehouse Supervisor

Chemist

Chem. Engr.

Prod. Engr.

Prod. Dev. Engr.

Environmental SUpervisor

Project SUper.

Prod. Supervisor

Main. Supervisor

Tech. Supervisor

Dates
1952-1964
1973-1980

1952-1965
1968-1974

1969-1975

1939

1942, 1978

1975-1980

1966

1977

1977-1980

1974-1980

1974

1973
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Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic



Table 13
Production Job Titles and Description for Dowicide~

1935-1980
265, 206, & 349 Buildings
The Dow Chemical Company

Midland, Michigan

Job Title
General Foreman

Foreman

Prorsnl Foreman

Subfa reman

Shift Foreman

CreOJr Leader

Alternate

Head Oper.

Spare Oper.

Utilityman

utilityman Class 1

utilityman Class 2

Sr. Prod. Clerk

Sr. Clerk

Shipper Handyman

Packer and Shipping Clerk

Dates
1972-1977

1945-1980

1971

1935-1946

1971-1980

1947-1967

1956-1972

1935,
1946-1974

1951-1956
1967-1980

1948-1958

1972-1979

1958-1972

1970-1975

1946-1959,
1967

1960-1962

1944
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Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic (10-15~ of time
sampling, rest maintenance
throughout the building).

Clerical work; some
sampling and analysis
(small ~ of time on 245 TCP
and PCP).

Same as Sr. Prod. Clerk.

Made up special orders of
products, maintained
clerical records.

Clerical work and shipping;
no 245 TCP handling
involved.



Table 13
Production Job Titles and Descriptions for Dowicide­

1935-1980
265, 206, & 349 Buildin&s
The Dow Chemical Company

Midland, Michi&an

Job Title
Chlorinator Operator
(1st Chlorinator Op.)
(2nd Chlorinator Op.)

Assistant Op.

Operator

Class 2 Operator

Operator Helper

Relief Man

Flake Bed Drier Operator

Blender-Flaker Operator

Finishing Operator

Dow Dry ~erator

(Dowicide Drier Oper.)
(Drier Op.)

Dowicide- Operator

still Operator

Dates
1943-1979

1947
1947-1975

1941,
1943-1946

1935-1942

1943, 1945

1935-1942

1942

1963-1979

1965-1975

1975-1980

1943-1973

1942,
1978-1980

1973-1980
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Description
Operated the chlorinators,
unplugged lines, operated
scrubbers (PCP and 245 TCP
as a minor contaminant
only), lab sampling.

Ran flaker, operated and
cleaned out chlorinators.

Probably operated
chlorinators, flakers and
dryers.

Probably the same as
operator.

Probably assisted the
operators.

Probably assisted the
operators.

Operated fluid bed dryer;
filled packs; operated
fork-lift trucks (primary
PCP) .

Blended mixtures of
products (probably wore
respirators) .

Operated PCP finishing
(block casting).

Operated dryers for
Dowicide- antimicrobials
other than PCP.

Operated batch chlorinators
and stills.

Started-up and operated PCP
stills, sampled lines and
performed analytical work
on 245 Tep.



Table 13
Production Job Titles and Descriptions for Dowicide~

1935-1980
265, 206, & 349 Buildings
The DoW' Chemical Company

Midland, Michigan

Job Title
Flaker Miller
(Miller Flaker Op.)

Flaker Operator

Mill. Flake, Operator
PE Tet 2S Gr

Mill. Flake ep.
A I II Grinder

Priller Operator

Miller
Shift Miller

Handyman

Janitor-Handyman

Head Packer
Head Packer and Inspector

Dates
1947-1948,
1951-1956,
1960-1975

1943-1951

1956-1960

1956-1960

1972-1975

1945-1948
1966

1945-1950
1974-1980

1962-1973

1942-1960
1937-1940
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Description
Ran flakers and hammer
mills; potential exposure to
all Dowicide- materials.

Ran flakers; potential
exposure to all
Dowicidee materials.

Probably ran hammer mill
for PCP, TetCP, and 245 TCP.

Probably ran hammer mill for
ortho-phenylphenol.

Operated prillers for PCP,
high potential for exposure
to PCP but wore a
respirator during bagging
operations.

Operated hammer mill to
break up products; cleaned
mill; potential exposure to
all Dowicides~
antimicrobials.

As of more recent period
drummed 245 TCP part of
time; loaded dumpsters,
unplugged lines; high
potential exposure to
dioxins.

Janitor work tended to be
in nonproduction ar,eas;
handyman could have been
involved in maintenance
work within plant.

Head packer spent
less time doing actual
packaging and more time
supervising.



Table 13
Production Job Titles and Descriptions for Dowicide­

1935-1980
265, 206, & 349 Buildings
The Dow Chemical Company

Midland, Michigan

Job Title
Shift Packer
Packer
Packer Helper

Pel. Mil. S. Pk.

Warehouseman

Janitor

Master Clerk

Shipping Clerk

Assistant Shipping Clerk

Dates
1959-1972
1939-1974
1939-1943

1956-1960

1975-1979

1936-1959

1959-1979

1943-1947

1942

-llO-

Description
Loaded fiber packs;
potential exposure to all
Dowicidee materials.

Ran pelletizer and packaged
the resultant products
(worked with sodium salts
from fluid bed dryer),
primarily PCP.

Loaded with forklift
trucks, handled tubs of PCP
(in plastic sacks the could
leak): low potential for
exposure to 245 TCP which
would have been handled in
fiberpacks.

Cleaned up, could have
worked in warehouse area.

Clerical work: no material
handling.

All clerical work.

All clerical work.



Table 13
Production Job Titles and Descriptions for Dowicidee

1935-1980
265, 206, & 349 Buildings
The Dow Chemical Company

Midland, Michigan

Pentachlorophenol (1978 - 1980)
This department was previously called Dowicides - the name was changed in
1978. Pentachlorophenol production ceased in December 1980

Job Title Dates
Superintendent 1978-80

Production Supervisor 1978-80

Foreman 1978-80

Shift Foreman 1978-80

Chemical Engineer 1978-79

Production Engineer 1978-80

Uti lityman Cl 1 1978

Spare 1978-80

Chlorinator Operator 1978

Description
Generic

Generic

Generic

Generic

Generic

Generic

Generic

Generic

Operated chlorinator,
unplugs lines, operates
scrubber (Penta Tep as a
minor contaminent only);
lab sampling.

Finishing Operator

Dowicides Operator

1978-80

1978-80

-111-

Operated penta finishing
(block casting).

Operated batch continuous
chlorinators and stills



Table 13
Production Job Titles and Descriptions for Dowicidea

1935-1980
265, 206, & 349 Buildings
The Dow Chemical Company

Midland, Michigan

Job Title
Handyman

Warehouse Operator

Pentachlorophenol Operator

Project Manager

Sr. Operations Foreman

Operations Foreman

Dates
1978-80

1980

1980

1980

1980

1980
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Description
As of more recent period
drummed TCP part of time;
loaded dumpsters, unplugged
lines; high potential
exposure to dioxins.

Loaded forklift trucks;
handled tubs of
pentachlorophenol (in
plastic sacks that could
leak); low potnetial
exposure to TCP which would
have been handled in
fiberpacks.

Operated penta finishing
(block casting).
Generic

Generic

Generic



Table 14

Pentachlorophenol Production
Job Titles and Description

1947-1966
466 Building

The Dow Chemical Company
Midland, Michigan

Organizationai unit
Pentachlorophenol (1947-1963)
Benax· surfactant (1953-1966)

A pentachlorophenol (PCP) process was operated in 466 Building from November
1950 until April 1966. However, it appears that production was not
continuous, gaps occurred in 1954-1955 and in 1959. This is mostly likely
due to the fact that these units served to supplement PCP production in 265
Building. It also appears that flaking of PCP and other products received
from 265 Building may have occurred prior to 1950. Despite the name of the
unit. PCP production was only one of three major processes within the unit,
the others being butyl salol and Dowfax· (dodecyl diphenyl oxide
disulfonate) production. In addition, a number of lesser products were
produced including for a short period of time (approximately 1951 - 1958)
zinc trichlorophenate. Except for the special analyst, class 1 who spent up
to 40'" of his time analyzing zinc trichlorophenate, the jobs associated with
zinc trichlorophenate process are known only through presumption. It is
probable that the rotary drier fluid operator and the grinder-blender
operator ran the zinc trichlorophenate process as well as the PCP process.
The organization unit continued after cessation of PCP production.

Job Title Dates Description
Superintendent 1951-1965 Generic

Plant SUperintendent 1965 Generic

Assistant Supr. 1949-1957, Generic
1966

Chemist 1952 Generic

Prod. Dev. Engr. 1965-1966 Generic

Foreman 1947-1966 Generic

Subforeman 1951-1962 Generic

Shipper 1953-1966 Handled packages of PCP as
they were shipped.
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Table 14

Pentachlorophenol Production
Job Titles and Description

1947-1966
466 Building

The Dow Chemical Company
Midland, Michigan

Job Title
Special Anal. Cl. 1

Anal. Cl. 1

Handyman

Janitor-Handyman

Head Operator

Chlor. Cp.

Assist. Chlor. Op.

Fla1cer Oper.
(Kicronizer Op.)

Rot. Dri. Fl. Op.

Fl. Bed Drier Cp.

Grinder-Blender Cp.

Dates
1956

1955

1948
1956-1965

1950-1966

1951

1951-1953.
1956-1958,
1960-1966

1950-1951

1947-1961

1953,
1955-1956

1960-1963

1951-1958
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Description
Analyzed zinc
trichlorophenate up to 40~

of the time; grinding of
lab quantities.

Presumably the same as the
special analyst.

Generic

Generic

Generic

Operated chlorinators for
the production of PCP, added
raw materials, transferred
PCP.

Assisted the chlorinator
operator in the PCP process.

May have fla1ced PCP
received from 265 Building.

Operated rotary driers for
PCP process, handle PCP and
perhaps zinc
trichlorophenate.

Operated fluid bed driers
presumably for NaPCP.

Operated grinder and
blender, presumably handled
PCP and possible zinc
trichlorophenate.



Table 14

Pentachlorophenol Production
Job Titles and Description

19t;7-1966
t;66 Building

The Dow Chemical Company
Midland, Michigan

Job Title
Hiller

Mill and Blender Cp.

Contain. Fill.
(Containr. FLR)

Pak Filler

Dates
1947

19t;8-1963

1951
1956-1958

1952
1956-1958
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Description
Operated mills & blenders
presumably handled PCP

Operated mills and blenders,
presumably handled PCP.

Filled containers,
presumably handled PCP.

Presumably filled pacKs
with PCP and NaPCP.





APPENDIX C

Dow Process Flow Diagrams
Figures 11 through 21

The Dow Chemical Company
Midland, Michigan
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Figure 11

Z.4.5-Trichlorophenol BloCK Flow Diagram
1946-1966 (199 Building)

The Dow Chemical Company
Midland. Michigan
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Figure 12

2,4,5-Trichlorophenol Neutralization,
Flaking and Distillation Block Flow Diagram

265/349 Building. 1946-1978
The Dow Chemical Company

Midland, Michigan
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Figure 13

2,4,S-Trichlorophenol Block Flow Diagram
80' BUilding. 1966-1979

The Dow Chemical Company
Midland, Michigan

Raw Material Storage
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Figure 14

2.4,5-Trichlorophenoxyacetic Acid and Acid
Ester Block Flow Diagram

267 Building, 1950-1971
The Dow Chemical Company, Midland, Michigan

Raw Materials Stora e
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Figure 15

Silvex Acid and Acid Ester Block Flow Diagrac
26i BUilding. 1958-19il

The Dow Chemical Company
Midland. Michigan

Raw Material Storage

Trichloro- Sodium 2-
Alcohol Water Caustic phenol ~hloropropion Bleach Hydrochloric
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I
L ~" 1I

Reactor Operator
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Figure 16
Z.4.5-rrlchloropneno~yacecic Acid Direcc Ester

Block Flow Diagram. 1967-i979. 489 Bu~ld~ng

The Dow Chemical Company
Midland, Michigan
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Figure 17

Silvex Direct Ester Block Flow Diagram
1972-t978. 489 Building

The Dow Chemical Company
Midland, Michigan

Raw Material Storage

Water Hydrochloric Caustic Trichloro- Alcohol Propionate
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I .
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Figure 18

Formulation and Packaging Processes for
Herbicides Block Flow Diagram

489 Building. 1950-1983
The Dow Chemical Company

Midland, Michigan

Raw Material Storage

Phenoxy
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or
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.,
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2,4,5-T • 2,4,5-Trichlorophenoxyacetic Acid
2,4-D • 2,4-Dichlorophenoxyacetic Acid
'Silvex • 2(2,4,5-Trichlorophenoxy)propionic Acid
MCPA • 2-Methyl-4-chlorophenoxyacetic Acid
Amine • Dimethyl amine or Ethanolamine or Isopropanolamine for 2.4-D

Triethylamine for 2.4,5-T
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1955-57:

Figure 19

Ronnel Block Flow Diagram
267 Bldg., 1958-72: 338 Bldg .• 1973-77:

The Dow Chemical Company
Midland. Michigan
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Figure 20

Erbon Block Flow Diagram
1955-1974

441. 649 Building
The Dow Chemical Company

Midland. Michigan
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Figure 21
Pen~achlorophenol Block Flo~ Diagram

1937-1980
265, 349, 466 BUildings

The Dow Chemical Company
MidlaDd, Michigan

Raw Materials

Monochloro­
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Appendix D

Dow Analytical Method Abst~acts

Abst~acts 1 through 46

The Dow Chemical Company
Midland, Michigan
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HETHOO MLW.64.19
DA:E 7 Ap~il 1965

PL~OSE the determination of co~pounds capable of causing chloracne
in 2,4,S-Trichlorophenol process samples by gas-liquid chromatography

OESC!!PTIOM Determination of 2378 TCDD; 1378 TCDD; and the sum ot
231-trichloro-8-methoxy-dibenzo-p-dioxin and 22'44'
~;..pantach.lc:'Q-S-:=uho::ry4i;lh.:cYlc:cidain 24S 'rCP p~oc:u: sa::'? Ie:.
~a c~ounds ara sa,ara~ed by m3:n= cf GLC with llama ionization
dst.ctic~. Conc~ntr:tic~ levals cf 10 p;= to ~ ~unt: may be
diltar:Un&C by this prcC:1ll~ura with and accu.racy cf +1- 10'.:0.

PURPOSE

oESCEI.P'rICGi

No. B747b
31 July'197S

Frocad~r~ applicable to the assay of 2'5 'rCP in the r.n!8 cf 85
to 100~ and datar.:inaticn cf 237a Tceo concentrations asscciatad
with 2~S 'rCP. ~~ assay is o=tain~d by tha addition cf 2~6

t~ichlcrophancl as an int.~l standard and analysis by GLC with
th'lIIn:.:1.l conductivity diDtiilcticn. ~ilIl 2378 'rCDO concentration: an
c!otar:=u~d by a ben:enill enncticn cf an a~'-1GQ~: c~s~ic selution
of 245 'reP and e:rn.minuion of tha .:nnc: by GC-MS. 'rCOO
racovaries ara lOa +1- 2~ by this prccG~ra witb a praci:icn of
+1- 2~. ~a limit cf d.taction is 0.01 to 0.02 PJ= (ceflnac as
2.! tim3s tha neise level) .

•

~E.HOC ~W.6S.10

CAT£ 7 July 1965

ClSCAI1!!O~ Preco~ra a;~licabl. to the d.ta~nation cf 2S7S 'rCCC in 24S
'rCP. ~a 2378 'rC~C concentraticns ara deter.=ined by a chlcrofc~

axtracticn cf an aq~.e~= caustic selution of 245 TCP ~~d

~naticn of the .~ract by CLC with flama ioni=a~icn

dataction. TCOO racev.ria: ara gO to 10S~ for s~l.s pra~araa

at ccncontra~icn: of 1 to S~. ~a accuracy cf this m3thcd is
+1- S~ witb a lcwar d.t.c~icn limit of a.s Pr~'
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ANALYSIS HETROD NUK!!:R 4

KETROD KL-AH-7l-48

DAn: 24 Sepc_ber 1911

,qapOSE: Deterai=at10n of 2378 TCDD in 24' -Trichlorcpbenoxyacat1c acid
and relaced macer1als.

DESCIIPTION Procedure appl1cable to the determination of 2378 TCDD and o:har
related chlorinated ..tertals 1n 24'-T Acid; 24-D acid and
relatad acidic and pbenal1c aacarials aDd escer. of these acid.
(245 TCP; cacracbloropbaacl; pencachlorophenol; a~ escers of
che.e ac1ds). Tha 2378 rCCD 1s .e,aracad troe the .ample catrtz
by au orsaD.1c lolftcc utracUon (ban:eu or he.zane) of an
aqueous caustic .olutioc of the ple or by .1lica lel column
cbrcnucolraphy of nac-1on1:able ples .uch as e.ters. The
result1n; residue 1. ccncentratee and a portion e%amined by
GC-ftS. TCDD recover1e. Ihould be 1001 +/- 13% in .piked .~les

over a ranle of 0.1 ppc to over' ppm. !he precision of this
proc.du~. for d~l1c.t. s&aQles should ~ +/- 1'%.

ANA1.YSIS HEtEOD WHBER S

KETBOP
.DATE

PURPOSE

DESClUP1ION

KL-AH-72-37
25 June 1972

D.ta~=a:10n of 2378 TCDe in 245 TCP

Procedure appl1cable to the deceraina:1on of 2318 TCDn in 245
rcp. The 2378 TCDD is leparacad fr== the .~l. =atrix by an
organic .olvent extraction (beczece) of an aqueous caustic
.olution of the .ample. The re.ul:iuc residue is ccncentrated
acd a portion examined by GC-HS. T~~ re¢overie. i~ Ipiked
samples over a ranee of 0.0' pp to over 1 pp should be 1001 +1­
l~. By tbis pr=cedure with a prec!s10n ot duplicate lamples of
+1- 151.. The lower limit of deteciLon is O.OS ppm.
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HErEOD
DATE

Ptm10S£

D!SCF.!PT!ON

PImPDSE

DtSCRIFnON

ANAlYSIS HETBOD ~!R 6

M!.-AM-73-45
14 J~ce 1973

Deter=inat1oc of chlorinatec diben:o-p-dic:1cpurified PCP by
l1~~id ch~tography

Applicable-to the determination of Hexachlorodibenzo-p-dioxin
('£~n) 1c. tM ra~a of 0.5 to 10 ppm acd octacblorodiben:e-p­
dic::in (OC'DD) ic thal ra~llI of S to 60 ppm 1: purified PCP
prasarvat1ve. Tha ECDD a:e OCDD ara ••~arated fro: th~ .~l.

l:la'tri: by a sclVilln: e:nncticc (~n.nu) of an a~.Qu.s c:austic
.~le solutlon tollew~o by 1en e:c~n;a leparation a~ ra5idu£
c:encentra:1oc. A perlioo of t~ c:enc:u:.trat~ e:n:rac:- is c:::.z::1n.ui
by ra~r,e-pha9a partition liquid c:hrcm3toi:ra~by &ith ultraviolet
detectien. liOD and OC'm) nceviiIlr1.:! of .p11ad purified PCP
I~les wam 93 to 104%. TO. ~$ults for a .i~le determination
Otl ~ i1V2n u:mple .hould bit .cc~:rau nthin -t/- 20.% rdativ~
erTOr. ~ 1ostru=aot ra~ecsa was calibrated ~!ing &%te~l

.tandarcs.

AR.ALYSIS M!TEOD NUH!EB 7

KI.-A!'.l-13-S3
2~ Septac~r 1973

Determination of chlorinated diben:o-p-dio:1ns in purified .odi~

.alt of PCP by liquid chr~ato:raphy

Appli~able for the deter.:1~tion of £COD in the ra~a of O.S to
10 p~ and oeon in th2 ra~ll! of S to 60 Pi= in the ;odium salt of
PCP an:1=icrobial. The £CDD and OCDD ara sa~ar6ted fro: th2
.~le =atr1: by a .ol~~t e:t~ac:ion (be~:eu2) o£ a aqueous
caust1~ .~pl. solution follov~d by ion c:eha~e separation a~

residua coneen:ra:1o~. A portiou of the coneentr.tee ~rac: is
e%a:iue: by reversa-phase par~1tLou liq~id chromatography .~~h

ultraviolet detection. E~D a:e OCDD recoveries of spik2t .edi~

.alt of PCP sGIm:plu W<ilS 94 to 103'. The nsulu fer a si-e.gle
deter.=inatio: ou a' 11~n .~le .hould be accurate W1thio +1- 20%
ra!at1~ error. !be 1~tru:.ut ras~o~a ~s ~licrated usiOi
e.:nenlAl Itandards.
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ANALYSIS METHOD NUMBER 8

METHOD ML-AM-73-76
DATE 14 Decembe~ 1973

PURPOSE Dete~ination of HCDD and OCDD in Dowicide G-ST B~and of pu~ified

sodium salt of PCP by GC-MS.

DESCRIPTION Applicable to the dete~ination of HCDD and OCDD at the ppm level
in Dowicide G-ST B~and of pu~ified NA PCP. A sample of Dowicide
G-ST B~and of pu~ified NA PCP is dissolved in 1:1
benzene/methanol (V/V) and is transferred to an ion exchange
column where the HCDD and OCDD a~e separated from the sample
matrix. The column eluent is concent~ation and a portion of this
concentrate is evaluated by GC-MS. The recovery for HCDD and
OCDD in spiked samples is 9~ +/- 3~ by this procedu~e with a
precision of +/- 1~ for duplicate samples.

ANALYSIS METHOD NUMBER 9

METHOD ML-AM-74-40
DATE 8 November 1974

PURPOSE Dete~ination of 2378 TCDD in
0,0-Dimethyl-0-(2,4,5-trichlorophenyl)Phosphorothioate (Ronnel).

DESCRIPTION Applicable to the determination of 2378 TCDD in
0,0-Dimethyl-0-(2,4,5-t~ichlorophenyl)Phosphorothioate.An
appropriate sample (5 grams of material slurried with 15 ml of
2~ benzene in hexane) is put through a clean-up procedure
(silica gel and alumina columns) to separate the 2378 TCDD from
the sample mat~ix. The final cleanup eluent is concent~ated and
a po~tion of this concentrate is evaluated by GC-MS. The
~ecovery for spiked samples is 90 to 95~ by this p~ocedure with a
p~ecision of +/- 2~ for duplicate samples. The limit of
detection using this method is 5 to 10 ppb. The instrument
response was calibrated using external standards.

ANALYSIS METHOD NUMBER 10

METHOD
DATE

PURPOSE

DESCRIPTION

No. 87619b
17 December 1975

The determination of 2378 TCDD in 245-T acid butoxy ethanol esters

Applicable to the analysis of 245-trichlorophenoxyacetic acid
(245-T acid); butoxy ethanol esters. Procedu~es are given for
the dete~ination of the assay of 245-T acid; butoxy ethanol
esters and free acid. The acid equivalent is calculated from the
assay. Also a procedure is given for the determination of 2378
TCDD, The 2378 TCDD is separated from the sample matrix by
silica Gel column chromatography. The eluent is concentrated and
a portion of the final residue is examined by GC-MS. The
precision of this procedure is within 2~ of the amount present
and a deteetion limit of 0.01 ppm.
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M£!iiOC
CA1'£

PURPOSE

D£SCRIf,T10!1

~o

CATE

Pi.11l:0S£

D£SCBIPT!OH

AlTAI..YSIS KETHOC ~£E 11

No. 90110a
17 Se~t~G~ 1974

Oeta~ation of 2378 TCDD in wa2d and brush kille~ !or=u!ations
of the trill1:bylamina salt of 2, ~.5 t:-ic:hlor'ophlllno:cyacaUc: add.

Applicable to the analysis of the weed and brush killer which are
a formulation of the-triethylamine salt of 245-T acid. Procedures
ara liv~~ for the determination of 245-7 aci~ .quival.n~ by
.~rac:tion with ~tbyl iso~tyl ketone an4 apparant I~acific:

lravity at 20 DEC C. ,~ thesa data the ccnc:ontra1:ion of tha
active in~r'adi.~t Ctriethyla=ina lalt of 24!-T ac:ic); in.~t

ingradimn1:s and tb_ pound: of 2.5-7 acid equtvalL~t par (allon
ara calc:ula:ad. Also a pree.tiura is livllln for the datanoination
of 2$72 !CDD. The 2378 Te~D is 18~arat.d frem tha sac;lo :'1:r~

by silica Ie! column chramatc3ra~hy. The elumnt is conc:antrated
and a pcr1.io:l of the final rasidua is uamined by GC-!!!S. T?111l
precision of tbis preeadura is within 2~ of t~a &moun~ pra3antj
det.etion limit 0.01 ppm.

ta.-A!!-75-J4
20 Hay 197$

Detercdnatien ef 2J72 TeOD in 245-7 aekd and ralated ~1:arials

A~~lica~l. to tha detar.ci:latien of 4073 TeDO and ot~ar ralatad
chlorinated materials in 245-T acid and also 2.4-D; and related acid:
and phenolic materials and esters of these acids. The 2378 TeDD (and
ralatad c~ounds) ara .3~aratad fr~m the s~l. matr~ by: 1)
the .~rac~ion cf an aqueous caustic selution of chlorinatad
phenols. 2) or by ien e==nan!. chromatography of chlorina~ad

phen==7&cttic acids in 1:1 ben%.nG/ma~hanol (v,v). 3) or by
silica lel celumn chromate3ra~hy of non-ionizable s~L.: such as
estars in 20~ benz.n. in hexane. !be rasi6u.s from the:a
••~aratiQn techniques are conc:ant~t.d and a portion of the
ccncentrata .valua~od by ~-~. tba pracisicn of this prccad~~

fer du;licat.·I~l.s is +/- 20:. Tba lower l~it of dataeticn
is 0.01 to 0.02 ppm.
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ANALYSIS HETBOD N't1MBEIl 13

KE1EOD ML-AL-75-0l028
DATE 14 AUlUS~ 197~

p~ost De~ermiaat1oe of 2378 TeDD in prQ~yleoe Itreel butyl et~er ester
of 245-T &cH.

DESCRIPTION Applicable to thl dltermima~10n of 2378 TCDD in ~ro~,leua Ilyeol
buryl I~her IS~lr of 245-1 acid. A .ample of thl estlr of 245-T
11 d1..elftd 1n hexaua aDd transferred to a l111c& Id col\ZZm
wbere the 2378 TOCD 1. .epara~ed from the .ample .atrix. The
c:olUlm eluate 11 couceDtra~ed aM a ponion of the coucentrau
evaluated by GC-KS. The predsion of thi. proc:edure 11 +/- 20%
of the amoun~ prl'IQ~. The lover limit of dlt~t1on vas 0.01 ppm
(defined a. 2.' time. the n01.e leftl).

mAL1SIS KE'lBOD NtJHJn 14

~OD ML-AL-76-OO943
DATE 23 July 1976

PO!10SE Determinat10n of 2378 TeDD 1n O.O-Dtmethyl-o-245-tr1chlorophenyl
pho.phorothioatl (feachlorpbo'~OIIIIIOnnaIlI) ("onnel).

DESCRIPTION App11cable to to. determ1ca~1on of 2378 TCDD 1n fenchlorophos.
!be 2378 TeeD is .e~ar&ted from the .ample .atrix by silica III
aad alaina ccluan chroaa~olraph7. The tiDal column eluate 11
concentrated a:d a portion of the couclntrate 1s evaluated br
GC-MS. The ~r.c1.ion of thi. procedure is +/- 20% of the amount
~r.seDt. The lover limit of detection 1. 0.01 ~~c.

HEnOD
DAn

DISClU:P'rION

mALYSIS K!TBOD RUKBEa 15

ML-AL-77-02453A
14 December '1977

Dete~naCion of 2378 TeeD 1n 24S-Tr1cbloropbe~01

A~~licable to the determinat10Q of 2378 '1'CDD in 245-TCP. The
2378 teeD i ••eparated froe the sample matrix by an oriente
.01ftQ~ (hezanl) extraction of an aqueous cau.tic .olutioe of
24S-7CP folloved b7 balic .1um1na column chromalolra~hy of the
..tract. The alumiaa column eluate i. couclntrateet aDd portioe
of the coucln~rate 11 • .,aluaUd by GC-KS. The lover limit of
det.c~10n is 0.6 to 1 p~b (d.11De. as 2.S ttmas the no1.e 1e..1).
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!l:ESCF.n'TION

HUiOD
DAn

DESCUPTION

Ml17.63.1l
22 June 1965

D.tem:ix:.a~1ctl of U1! 'ICUl in 243-1 AcLd by GLC

A~plic:bl. to the deter=dnat1otl 0: 2318 !COD 1~ 245-1 acid. 'The
23iS !CDC is .~par&ted from t~ .~~1. &1tr1: by =~~tlS of at!
~r.ction nth eblorcfom. n. chlorcfom £%~ract is
COtluntnt~ an:! a portion of 1t is ava.luated by GLC Vitb i~aa

1om.::t1on detGlu1on. tbs accuraci' of this =etced i.! +/- 5%
~lativa; vith a lower detection limit of 0.05 pp:.

HI.-~-73-56

5 Septmber 1$73

Dete~~t!~ of a~ ace 0ttW 1~ ~71fied PCP ~T CC-HS

A~pl1c:ble to th~ #eterminat10n of ECDD and oCO~ 1: purified rCF,
the EiCDtl u.d ocrm _ ara IeparOlt ed fro: tlu 11mple catri:: b;' icn
~haUia ch~tograph1 of a ~lution of purified PCP 1n 1:1
benza~/=e;hanol (v/v). The eluent 1a ccn:ec:rated and a por~loo

of tM co'C.Cectr.te 1s analyzed b7 GC-HS. tho! precision of this
procedure for dlJ~l!cate .~ple!l 1s +/- 10% W1th re~ovar1es of
BCi3D and OC'l:lD 1n .pibd u.:plu of 90: -+/- 30%.

ANAlYSIS MtlEOD NDMlIR 18

METEOD ~-AL-75-00449

CA'7i 17 Ma%h" 1975

PORfOSI Deter=d~t±oQ of 2)78 !~D 1~ 245-!CP

DiSCRll'rIaR A'j:lic:.~le to the deter.:.1e.:tt1on of 237S TCDD in 24S-TCF. T~a

2378 T~D is .e~ara~e~ fro: the .~l. =at~1: by tee ~r_e~i~n

of an a~l:eou:; c&lJ!l'tie .olu~i=n of 24S-1'tP With blUl.%.al:l.a. A
port1=~ of tbis ctrat:t 1s thaa=. evall:aut by CC.-35. !'he
pracision 01 tb1s pr:eacure is +1- 2~ w1:h re:o~ries of spikac
.~les of lOS: +1- 20%. The l!cdt of de:eet10~ is 0.01 t: 0.02
pp: (defi~d as L.S t1C2: t~ noise leval).
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METHOD
DATE

PURPOSE

DESCRIPTION

METHOD
DATE

PURPOSE

DESCRIPTION

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 19

ML-AL-87-064
7 November 1974

Determination of 2378 TCDD in Ronnel

This analytical method describes experiments used to determine
which clean-up steps of method HL-AH-73-97 could be eliminated to
achieve a 2378 TCOD detection limit of at least 0.01 ppm in
fenchlorophos insecticide. (treatment with KOH; treatment with
H2S04; silica gel column and alumina column). In conclusion the
combination of silica gel column followed by alumina column
eliminated interferences which allowed the determination of 2378
TCOO at 0.005 ppm with a much shorter preparation time than that
given in method ML-AH-73-97.

ANALYSIS METHOD NUMBER 20

ML-AM-73-97
14 February 1974

Determination of 2378 TCDD in Fish and Soil

Applicable to the determination of 2378 TCDD in fish and soil
from 10 to 1000 parts per trillion (PPT) by weight. The 2378
TCOO is separated from the complex sample matrix by putting an
appropriate sample through a cleanup procedure designated to
eliminate interfering substances. This cleanup procedure
consists of treatment with potassium hydroxide and ethanol;
sample digestion. extraction with hexane; extract washes with
sulfuric acid; extract concentration; silica gel and alumina
column chromatography; and eluent concentration. A portion of
the final solution is then evaluated by GC-MS. Recoveries of
2318 TCDD in spiked samples varied from O~ to 140~. The limit of
detection varied from 6 to 9 PPT (defined as 2.5 times the noise
level).

ANALYSIS METHOO NUMBER 21

No. 875750
18 August 1977

ANALYSIS OF 245-T acid and propylene glycol butyl ether esters

Applicable to the analysis of 245-T acid; propylene glycol butyl
ether esters. Procedures are given for the determination of the
acid equivalent as 245-T acid and free acidity. The assay is
calculated from the acid equivalent. Also a procedure is given
for determination of 2378 TCDD. The 2378 TCDO is separated from
the sample ma:rix by silica gel column chromatography. The eluate
is concentrated and a portion of th final residue is examined by
GC-MS. The precision of this procedure is within 2~ of the
amount present and a detection limit of 0.01 ppm.
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POUOSE

O£SCUPTIOr?

KE!"80D
DAn:

Pm.10S!

No. 8762l.!
IS August 1977

Deter.:iaa:1on of 237S ICDD in 24S-r acid acd tu~oxy prQpyl
esters. Assay of 24S-r acid acd butoxy propyl esters.

Appli¢:cle to tbs &naIr'is ~, 245-1 a:1d; bu~t%7 pre~yl estars.
Procedures are liven for the determination of the aci~ ~uivalent
at! 24S-r acid acd fratl acidity. The usay is c~lc1.U..ted fr=z t~

acid equivalenh Also a proclIlCura ia 11-nc for th~ C:'hr=103tiO'll
of 2378 TCDD. The 2378 TCDD is separated from the sample matrix
by silica gel column chromato~ranhy. Ihe eluate is concentrated
and .. portion of tee fiual n5'1dul! is c.a:c1C2a by GC-iiS. '!'"ne
pr2c1sion of this procedur2 is within 20% of the amOU'llt pr~sen~

acd a dateetion limit of 0.01 PF=.

ML-.u.-30-683
2!i NoV<!mber 1971

Deten:.i=a~ion of cblor1ea~ea d1'be::o-r;Uo::1ns acd chloritl:1tad
d1 buuo-furacs in c:blonc.a:ed phenols.

Deter=ination of chlorinated d1be=:o-p-dio:in and d1~tl:g-1ur&ns

in various c:~~or1cat.d ph2nol1c ~tar1als 1.; (pent.chlorophanel;
d1stille~ pentachlorophanol; distilled tetrachlorophanol; sodi~

pentachloropha~te; 2346 tetrac:hlor~p~~l; 246
trlchlorQpbe~Ql). The dia:1~ and fur:na ara .epara~ed fro: th~

s~le ~tTi: by the following tachciquas. 1) dissolutioc of
acidic =aterials in aqueous c.ust1e followed by e::r.action With
beU%2r.e or b-=taoa. 2) J.O~tion of acidic: cc::l?0Utlts o~t¢ an.1ol:l
e%cbange rasic with elutio'll of ChlOTi01teC diQ%ins/furacs. 3)
lorp:10: of polar c:~~onects (esters et~.) o:~o silica gel ~th
elution of ehlor1ca.:ed ciic:1nzlfurac.s. !'he result1%:li .olva~:

c:out&1ci:g tha residua ar2 conce~:r:ted a~ t~an aca11:a: by gas
c:hrc~tc!zapb1-=ass.~ac:r==etry.Deta:ttoc seus1t1vi:7 of abQut
1 ppb 1: tile sa:pJe bas bun achievad by tbis procedure.

-137-



METBOD
DATE

PlJUOSE

DEScJtIPnON

ANALYSIS liE'IROO NUKBEll 24

MI.-AM 75-3
22 Nov_ber 1974

'Oecer=dnat10n of PCPi the tetracbloropheno1'j HCDDi· OeoDi 1a
purified PCP presenative. The phaacl1c cQn.U.tueau are
decerminad by acaly.i. of a .ampla di.solved in .ethylec.
chloride with GC with flame ionization detection using an
internal atandard technique. Data obtained by this procedure
indicate a atandard deviation of 0.23% for PCPi and 0.18%
for tetrachlorophenols. Values obtained for PCP vary from the
average by +/- 0.5% &+/- 0.4% for tetrachlorophenols at the 95%
confidence level. The HCDD and ~re sepereted from th@ ~ample

matrix by the extraction of an alkaline solution with benzene, the

eunct i. cleaDaJl ~p by ion _chanae chromatography I.l2f
concentrated. The estract 1. injected into a liquid
chromacolrapb aDd tba di0%1na leparatad by rever.e-phase
partition cbromatography vtth av detection. EeoD can be
deuminad i: the raUl. of 0.5 to 10 P9'=; aM oeIl) in tbe ranee
of S to 60 p~ in purified PCP. recover1e. from 93 to 104% vere
obtaiDed fro: .~1kad .am~le.' with aD accuracy of +/- 20% relative
error for a .tUlle decera1uat10n.

ANALYSIS KETHOD NOKBIIt 2.5

KETROO ML-AL 67-210
DAT"E 24 April 1973

PeRlCSE D.te~1aat10n of cblorinated d1beuzo-p-d10x1n. in purifie~ PCP by
liquid ehrft&1:olra,hy.

l)ISCRIPnON DehftL1naUon be:ucblorod1beazo-p-diozin (llCOD) i .ad
octachlorobenzo-p-e10z1D COctlD) iD purified PCP. The ECDO' .. and
oeDD are .eparaud !rCII the 'Ul1'1e matr12 by tbs eztracdon of
aD aJ.kaUJ1e aqueous .olutioD vttb beG2ene. The eztract 1. cl••aeO
up by 10D aC_Dle chroulocrapay aad conceatnt.d. The
conceQt~ated astracc i. iDjecled in • liquid chromatol7aph and
tbs dioz1D' ar. .eparated by rever.e-phase partition
chrocatolrapby with ultraviolet de~ecs10D. a.coveriel f~Qm 93 ~o

104% vare obta1ca~ fro: .piked .-.plet,with·aD accuracy of +/­
20% relative error for a .iacle deeer=1zatioD. Sensitivity at
the O. S p~ level vat achieved for both d1oz1na.
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HI!'BOD
DA.n

pu-uose

D!SCmnON

D!SCmnOri

DiSCW'UON

MI.-At 7S-01.Sas
18 D~m.be:r 1975

Gas chromatographic separation of hexachlorodibenzo-p-dioxin
1sCl~~%'s

A pr.ocadura for rna las ~h%~toirapbic ••~~%'a:1o~ of variou~

iso~!'s of bl!:rachlercd1:en:c-p-d1c:::1~;and tbe pnilar.l:1o~ of
=~ed chro'::u:oira~bic paekic;: =aunals. rna gas
cb:r~:Ci:r:~h1c ••~arat1e~ ane fla=a 1C1ui:atioc cat.~t1o~

pemitud rha assiamf1nt cf .u..~tu:ra based ec ru:e:ct1c~ time.
TOa 1.0mar3 'ihich 1ii!ra 1nnstigstec .trccgiy .ug:;est an elution
crdu dliltenUi1,JQ by hYdro15a:c-boM1r.;.

MI.-A!. 76~0764

31 M.a, 1976

010:1: anal,~1cal .tudies; 1~rovad .electivity for autocated
d1o~n .eparat1o~ and collect1o~ ~3tam.

'rocedura dl!!Scrt~s the ~.nUi1ts and. 1:2sult3 used to i1':l;:~Vil

rna .~1. clean up p~cl!Qura for usa cn tne auto:ated d10=i~

.~p£rat1o~ a~ colleet1o~ r,rsee=. The =odi!icat1o~s .~ll allov
tha deter.=1~11o:c cf 2378 !COD at the , ppb leval. Seve~al Qt~r

tadm1quu fcr ac1U.l!vi~ i~c:Z'a3Sed TCDD cet.etie~ vi. autc:..:1:e~

procedures ara discussa: as possible future d1rec:~!oo.

MI.-I.!. 27-63$
7 A~ril Hi1

tetal analysis of peo1acblorc~baCQl - Batch 9822 and 9931

!Cis anaJy~1c:al method desc:71~s a prec:etura fer the
cuuai:cat1ou of 237S TeOD a:cd BcmI in pa'C.tac:blorQ~h!=l. The
dio:d.:s an se~rated fro.: the u~1e 1:.11t%'1: by passit1i a
.olut1o:c cf pectac:hloro~~ool tbroUih a io:c-==cha~e resi'C.
ccluzn; :~ rasidua is cc:c:e~trated ant 1:cj.c:.~ cnte a
liquid-li~d (ravarsa-phase) chr~~tciraph1c: col~. MuJ~!;3e

fracticnz from the col~ ara coUe~ted a= cc:.ce:tratec!. A
port1o~ cf th2 co~a~%r.~ed frac:1o~ are injected cuto a aas
chrQ=atQi:r_~h utilizing electr=u ca~tur2 de:ect1cu fer
lUa:lUra:ol::ll.t cf dic=1:s.
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Mt!BOD
DATI

PalPOSE

DESCIInION

METBOD
DAn

PUPoPOSE

DESCRIPTION

KE11IO~

DATE

PDlU'OSE

DESCRIPTION

ANAlYSIS KETROD NUHEii 29

MI.-Al 87-453
7 NovelDber 1974

.De~erlD1na~1ou of 2378 Tetracb!orodlpeDzo-p-d1oz1n in
2-(24S-tr1chlorc~henoxy)propricn1c acid; pro~ylene Ilycel (C3E60
to C9El803) butyl etber e.te~l. A herbicide.

Proce~ure for the determinatioa of 2378 TeDD ia a herbieide. The
2378 ~D 1••eparated fro~ the .ampl. aatr1% buy u.ing a .iliea
,e1 column cleanu~ .tap followed by .a=;le coacentratioa. A
portion of to. ...ple coacectta~e 11 evaluated b1 las
caromategraph,...•••pec~rcaetTY. TCDC reco~r1es were 91'­
+/-20%. Th. detlctioa limit vas 0.01 ppa (detioed as 2.5 ttm.s
the aot •• 1.~1).

ANAlYSIS HEtBOC N'l:JHH:lt 30

ML-AL 81-176
1 July 19""'7'4

The e:ua1nat1on of 245-tricbloropbeaol and uters of
24S-t.ich!orophenoX1&cat1c acid for clorinated d1beazo-p-cloz1n.

Aprccedure for the dete~D&tLon of chlorinated dlbenzo-p-diox1n
(27-dicb1oro-;~r1cblore-;2378-tetr&cblore-;f·nt&chlorO-i

hexacb!ore-;heptachloro-; and octacb!oro-d1ox1n) in
245-tr1cblorophenol aDO e.ters of 24'-cricblerophenoxy&cetLe acid
(245-1). 1be d1az1ns are ••parated frOID the 245-1 esters by using
a sIlica leI column cleanup .tlp followed br la~le conc.n~ra~icn

.P4 gas chro-atQlrai~y-m&ss spectrolDetry evaluation. The diazins
are .eparated fro. the 24S-t~~ch1oropbeDelby the lolveat
(benzece) ~traction of &0 aqueous causc1c .clu~1oa of tbe sample
folloveQ by tbe ectire procedure previous17 described for the
24~-T "~.J'S.

ANALYSIS METHOD ITllOER .31

ML,-Al-87-442
S No'teCllher 1974

Dete~aac10n of 2378-tetracblorod1~.DEc-p-d1a%1cin brush killer
her~1c1de (cODt.1ns e.eers of bue,l ethers of propyleDe alycel
aad polyprop,leme alyccl. vtth 24-d1cblcro~hacozy.ceticacid aDd

• 245-trlchlorophenoxyacetic acid).

Procedure for the detera1aat10D of 2378 TCDD 1a brush killer.
The 2378 TCDD 1. '.p.rated frOID the .ample lD&tr1z by usiag •
•ilic. lel column cl.aDU~ .eep followed by ...~le cODceatracLoD.
A portioD of the .ampl. CODceDtrate 1s evaluated by la.
chroID.eolr.ph,...•• sp.ctromecry. TCDD rece~r1e. were 93%
+/-2ot. The d.tectioD 11l11t •• 0.01 P~lD (d.tiDed U 2.5 tim..
tt. Doi.. 1....1).
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l'OUCISt

D£SCmnO);

D!ScupnOR

Hl-Al 87-564
14 Nov~i::er 1974

Dete~cat1on of 2378 eetr~eblorod1~.n:Q-p-diQ~1Q in br~sh ktller
'T.

Procodur~ for en. dete~~:1on of 237S TeDt! in brush killer T.
Tns 2~1S TCDO 1s sevaratad fra.: eha 'ample matrix by using a
.111c: lel co1u=n cle3nn~ folloved by .a=~1. concentration. A
portion of the .~l. concentrate 1s evaluated by sas
cbrQ=.:a.tOin~hY-=~UI!l 'llectro:l.lIlU'1. T~D r"l:~riu ~ra 8~

+/-20%. !be de~ee:1on limit vas 0.01 p~~ (de~i~lI!d as 2.5 t~:2S

t~ cois/! leVil!).

oUi.AJ.YSlS K:EniOD 5tiHUP. 33

Ml.-A!.-S7-563
14 Rg7~mbU' 19].4

Det.r.zi~t1on of 2378 tetraeh!orod1ban:c-l-dioxin in brush and
weed 'killer. (An ~ulsifi.ble .olution cc~t~~ug a mi2tur2 of
tha Cut~l esters of pro~,.le~ aM pol"l'roj:lyle:a ilyccl as an
.ste~ of 24~-~?1chlcro~hano%?acet1cacta).

A procecura for tbe dete~nat1o: of 237S TeDD in b~sh acd w!~d

killer. Th~ 2378 TCOD 1s uparauc frc= the sample mat:tu c,.
us1o; ••111ca lel colu:n cleanu? step follov~c by sa=Fle
ccuc2ntrat1on. A po~1on of tbe .~1e CQncentr~te is ev~lu.teG

by gas cbro=tClgn'Ph7-:;Ul:ll sl'eetro:atr;. TC'IlD reccveries ~re

911. +/-20%. rne detection l~t was 0.01 p~ (definac as 2.S
-ti:u 'th:! noise lev<!l).

Kr~D ML-AL 87-586
DAn 21 NCl'Vl!:ICer 1974

PUUOS£ Deu~na:!en of 2~78 Teer:eblorot!!bauo-p-t!1o:1n in brush a=
~~= killer cCl~~~:ra:e. (con:~utratQ of an ~s1!iable .olut1oc
cc=uiuic.g a =i:tur<l of :~ Nt,l uur! of pre)lYh~ a:d
pCllyprClP71.~ alycel as an .ster of 245-T a:1d).

D£SCRIl'TION Detemj,=atiou 0% 237S tcDD 1~ bru!9b a= weed killer concentrate.
~ 2378 TCD~ is .eparated fro: the .a=ple c.t71:.by usiU; •

.•11ica lel colu:n cl&2:U~ .tep fcllo~d by .~ple concentntion.
A· portion of the .:=;1. C=::2~:ratG is evaluated br las
chro:.1ltClliraphy-:,;uls 'Flllc:re:e:27. TCilP recevaries 1i'l!ra SO%
+/- 20%. The detection limit was 0.01 ppm (defined as 2.5 times
the nojse level).
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KEDOD
DATE:

PURPOSE

DESClUPnON

ANALYSIS HE.1'i[OD NUMBER 3S

MI.-At 87-,\,.1
S November 1974

Detl~aati~n of 2378 rltraehlorod1btnzo-p-dioxin in butoxy
pro~yl Istlr mix #1.

Detl~cati~n of 2378 TctD in butoxy pro~11 eS~lr zi2 #1. !he
2378 r~D 1s .eparated from the 8~le matr1% by using • lilica
lel column cle.n up .tlp followed b1 8~ll conee~tratiou. A
portiQn of the clean .ample concentratl 11 evaluated by las
chromatolnpby-uss ''Plctrc.etrr. TeeD recoverLas vere 91%
+/-20%. The detection limit val 0.01 ppm (def1ne4 a. 2.S times
the noise level).

ANALYSIS HEnOD NtnaER 36

H[TBOD KL-Al.-&7-4S1
DATIi 6 Novelllber 1914

PuaPOSI Determination of 2378 tetracblorod1benzo-p-dioxin in her~1e1de.
(Propylene glycol (C3H60 to C9H1803) b~tyl ether esters of 245
tr1chlorophecczyacet1c acid).

DESCRIPnON Determination of 2378 TCDD in a herbicide. The 2378 TCDD is
.eparated frca the .~ple =atr12 by ul1na a 8ilica lel column
clean ~ .tep followed by sa.pll concentration. A portion of thl
cllan ...ple concentrate 11 evaluated by las chromatography-mals
apectrometry. tODD rlcover1el vere 81% +/-20%. The detection
limit vas 0.01 ppm (def1aad al 2.S times the neise level).

ANALysts tETBOD rrenGtl\ 3'1

MEnlOD KL-"~- 76-00562
DATE 30 June 1976

?CR10SE Determination of 2378 tetrach!oroa1benzo-p-d1oz1a in herbicide
lSS ~ure (active 1Qiredient 1s picloram).

DISCIIPTION Dete~n&tlo~ of 2378 TCDD in 15$ mixture. The 2$78 TCOD is
.eparated frOD the •..,le .atriz b7 ul1na • .111ca 1.1 col~n

clean up .tep folloved b7 lample eoncen:rat10n. A po~1ou of tn.
clean .a~le concentrate is ,valuated b7 las chro.a~olraphy-mals

'Pectroaetry. tCDD recoveries vere 103% +/-20% (~ .taDdard
deviation) at the 0.02 to 0.1 ppm 1e~1. The preci.ion of this
~rocedure 1s within 20% of tha ..ount pre.ent. The detection
l.1la1t va. 0.002 ppm (def1necl a. 2.5 U .... the noise level).
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DATE

PURPOSE

DESCRIPTION

METHOD
DATE

PURPOSE

DESCRIPTION

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD· NUMBER 38

ML-AL 87-452
7 November 1974

Determination of 2378 tetrachlorodibenzo-p-dioxin in the amine
salt of 245-T weed and brush killer.

Determination of 2378 TCDD in the weed and brush killer. The
2378 TCDO is separated from the sample matrix by the extraction
of an aqueous solution of the sample with hexane followed by a
clean up with silica gel column and sample concentration. A
portion of the clean sample concentrate is evaluated by gas
chromatography-mass spectrometry. TCDD recoveries were 86~

+/-2~. The detection limit was 0.01 ppm (defined as 2.5 times
the noise level).

ANALYSIS METHOD NUMBER 39

ML-AL-75-01030
15 August 1975

Determination of 2378 Tetrachlorodibenzo-p-dioxin in propylene
glycol butyl ether ester of 2-(245-trichlorophenoxy) propionic
acid.

Determination of 2378 Tcoe in propylene glycol butyl ether ester
of 2-(245-Trichlorophenoxy) propionic acid. The 2378 TCDD is
separated from the sample matrix by using a silica gel column
clean up step followed by sample concentration. A portion of the
clean sample concentrate is evaluated by gas chromatography-mass
spectrometry. TCDO recoveries were 95~ +/-20~ at the 0.02 to 0.1
ppm level. The precision of this procedure is within 2~ of the
amount present. The detection limit was 0.01 ppm (defined as 2.5
~imes the noise level).

ANALYSIS METHOD NUMBER 40

ML-AL 76-00979
27 September 1976

Determination of 2378 tetrachlorodibenzo-p-dioxin in Korla~8

Determination of 2378 TCDD in Korla~8. The 2378 TCDD is
separated from the sample matrix by using a silica gel column
followed by an alumina column clean up step and sample
concentration. A portion of the clean sample concentrate is
evaluated by gas chromatography-mass spectrometry. TCDD
recoveries were 91~ +/-20~ (two standard deviations) with a
detection limit of 0.01 ppm.
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PURPOSE

DESCRIPTION

METHOD
DATE

PURPOSE

DESCRIPTION

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 41

ML-AL 75-1190
19 September 1975

DeteLmination of 2378 tetrachlorodibenzo-p-dioxin in Dowanol ETCP

DeteLmination of 2378 TCDD in Dowanol ETCP. The 2378 TCDD is
separated from the sample matrix by using a silica gel column
clean up step followed by sample concentration. A portion of the
clean sample concentrate is evaluated by gas chromatography-mass
spectrometry. TCDD recoveries were 87~ +/-20~ at the 0.02 to 0.1
ppm level. The precision of this procedure is within 20~ of the
amount present. The detection limit was 0.01 ppm (defined as 2.5
times the noise level).

ANALYSIS METHOD NUMBER 42

ML-AL 75-01177
7 November 1975

DeteLmination of 2378 Tetrachlorodibenzo-p-dioxin in Erbon
herbicide.

The 2378 TCDD is separated from the sample matrix by using a
silica gel column clean up step followed by sample concentration.
A portion of the clean sample concentrate is evaluated by gas
chromatography-mass spectrometry. TCDD recoveries were 101~

+/-20~ at the 0.02 to 0.1 ppm level. The precision of this
procedure is within 20~ of the amount present. The detection
limit was 0.01 ppm (defined as 2.5 times the noise level.)

ANALYSIS METHOD NUMBER 43

ML-AL 75-01046
22 August 1975

DeteLmination of 2378 tetrachlorodibenzo-p-dioxin in butoxy
ethanol ester of 245 trichlorophenoxyacetic acid

DeteLmination of 2378 TCDD in butoxy ethanol ester of 245
Trichlorophenoxyacetic acid. The 2378 TCDD is separated from the
sample matrix by using a silica gel column clean up step followed
by sample concentration. A portion of the clean sample
concentration evaluated by gas chromatography-mass spectrometry.
TCDD recoveries were 97~ +/-20~ at the 0.02 to 0.1 ppm level. The
precision of this procedure is within 2~ of the amount present.
The detection limit was 0.01 ppm (defined as 2.5 times the noise
level).
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PURPOSE

DESCRIPTION

METHOD
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DESCRIPTION

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD HUMBER 44

ML-AL 75-00-,40
13 March 1975

Determination of 2378 tetrachlorodibenzo-p-dioxin in Dowanol ElCP

Determination of 2378 TCDD ion Dowanol ETCP. The 2378 TCDD is
separated from the sample matrix by using a silica gel column
clean up followsd by s~le concentration. A portion of the clean
s~le concentrate is evaluated by gas chromatography-mass
spectrom~try. TCDD recovery by this procedure was 94.5~.

ANALYSIS METHOD N'l.rnEER 45

ML-AL 76-01278
10 November 1976

Determination of 2378 tetrachlorodibenzo-p-dioxin in Korla~ 24E

Determination of 2378 TCDD in Korlarli 24E. The 2378 TCDD is
separated from the sample matrix by using a silica gel column
followed by an alumina column clean up step and sample
concentration. A portion of the clean sample concentrate is
evaluated by ~as chromatography-mass spectrometry (GS-MS). The
avera~e recovery is 94~ +I-l~ defined as two standard
deviations. Toe detection limit is 0.002 ppm defined as 2.5
times the average noise level.

ANALYSIS METHOD NUMBER 46

ML-AL 75-00636
2 May 1975

Determination of 2378 tetrachlorodibenzo-p-dioxin in butyl esters
of 245 trichlorophenoxyacetic acid.

Determination of 2378 TCDD in butyl esters of 245
trichlorophenoxyacetic acid. The 2378 TCDD is separated from the
sample matrix by usin~ a silica ~el column clean up step followed
by sample concentration. A portion of the clean sample
concentrate is evaluated by ~as Chromatography-mass spectrometry.
TCDD recoveries were 95':. +1-2~ at the 0.02 to 0.1 ppm level. The
precision of this procedure is within 2~ of the amount present.
Toe detection limit was 0.01 ppm (defined as 2.5 times the noise
level) .
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Appendix E
Doy J..nalytical SU!l:Imary Data

Tables 15 through 26
The Dow Cbemcal Company

Midland, Michigan
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Table 15
Symbols and Definitions for Appendix E

The DOw Chemical Company
Midland, Michigan

Symbol Definition I
124679-HxCDD , .2,4.6.7.9-hexactllorodibenzo-p-dioxin
1367-TCDD , .3.6.7-tetradilorodibenzo-p-dioxin I
13SS-TCDD , .3.6.8-tetrachlorodibenzo-p-dioxin
245-T add 2,4.5-~eooxyacetic add
245-T amine amrnes of 2,4,5-T
245-T ester esters of 2.4,5-T
245-TCP (TCP) 2.4.5-tIichloropneool
246-TCP 2.4.6-t1ichlOfopheooJ
27-DCDD 2.7-diCtllorodibenzo-p-dio:xin
3478-TCDD 3.4,7.8-tetraCtlJorodibenzo-p-dioxin
CIO :.austic insollJb§e oils (from NaTCP process)
Erbon .2-i2,4.5-tl'ichloropheno~)-€thyl 2.2-dichloropropionate
F8D ~!uid bed dryer
HpCDD heptadiJorodibenzo-p-dioxins
HpCDF heotachlorodi'benzofurans
HxCOD hexadil-c<odibenzo-p-dioxins
HxCDF hexaCl1lorcdibenzoturans
LOD limit of detsetioo for a given sample result
Max.Det. maximum detectable sample result
Mean when ND=lOD/2 arithmetic mean when all NOs are set equal

to one haff the LOD
MeOH methand
Min.Det. minimum detectable sample result
NaPCP soaium pemactlkiropnenate
NaTCP (phenate) sodium 2.4,5-trichlorophenate
NO non-detectable sample result
OCDD oetachlorodibenzo-p-dioxin
OCDF octachlorcditenztlfuran
Pc proc:ess stream sample
PCDD pentaCtllorodiDenzo-p-dio:xins
PCDF pentachlorocUbenztlfurans
PCP pentachl~enol

Pr product sampJe
Ronnel O.O-dimethyl Q-{2,4,5-tlichloropl'1enyl) phosphoroate
SO when ND=LOD/2 standard de'iiatIon when all NOs are set equal

to Olle half the LOD
Silvex 2-(2.4 .5-trichloropheno~)propionic acid
Silvex ester esters of sil"ie:c
TCDD 2.3.7.8-tetrachlorodibenzo-p-dioxin
TetCP tetrachloro;oosnols
TriCDO trichlorodibenzo-p-dioxins
uglg micrograms of analyte per gram of sample
Wa waste effluent sam~a
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Table 25
RabOit Ear Test Evaluation

The Dow Chemical Company
Midland, Mid'ligan

Chloracne Testing Interpretation

Rabbit Ear TCOD Level
Folliculitis Grade (uglg)
RespOnsa

Very slight 1 1
Slight 2 1-10

MOderate 3 10-100
Severe 4 >100

-175-
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Appendix F
Dow Industrial Hygiene Summary Data

Tables 27 through 55
The Dow Chemical Company

Midland, Michigan
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Table 27
Symbols and Definitions for Appendix F

The Dow Chemical Company
Midland. Michigan

Symbol Definition

1.2,4-TriCS 1.2,4-tridilorooenzene
2-CP 2-dilorophenol
235-TCP (2.3.5-TCP) 2.3,5-tridilorophenol
24-0 2.4-dichlorophenoxyac:atic add
24-DCP 2,4-didilorophenol
245-T (2,4.5-T add) 2,4 .5-trichlorophsnoxyac:atic add
245-Tester (2,4 .5-Tester) esters of 2.4.5-T
245-TCA (TCA) (anisole) 2,4.5-trichlo:roanisole
245-TCP (2,4 .5-TCP) (TCP 2.4.5-triehloropnenol
246-rcp (2.4.6-TCP) 2,4 .6-tiictlloroptlenol
26-DCP 2,6-dichlorophenol
4-CP 4-chloTophenol
4CIOPP 4-ctlloro-.2-phenylphsl'iOI
A area air sample
CiO caustic insoluble oil (Na 2,4,5-TCP wasts effiuei'Jt)
CO car'Oon monoxide
.Chloracnegen non specifIc material whid1 has the potential to causa chloracne
CI2 chlorine
CuO cuprous oxide
DPA diphenylamine
Oust total particulate
EB butoxy ethanol
FBD fluid bed drier
HCa he:cachlorobenzene
HCI hydrochloric acid
HpCOD heptachlorodibel'lzo-p-dio:tins
HpCDF heptachlorodibenzofurans
H:cCDO hexachlorodibenzC-p-dio:dns
H:cCDF he:rachlorodibenzofurans
LaO lowest limit of detection for a given analyticaJ method and sample set
MC methyiene chloride
MCa monod'llorobenzene
MCPA (4-chloro-o-toloxy) acatic acid
Ma::r Det ma;cimum Cletectable sample result
Mean It ND=LOD/2 mean calculated using 1/2 of all applicable LOD's for the NO

values and all the detected samp4e results in a given sample set
MeOH metl'1anol
Min De! minimum detectable sampl,s result
Na not applicable
NA not available
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Table 27
Symbols and Definitions for Appendix F

The Dow Chemical Company
Midland. Michigan

Symbol Definition

NCPP nonytchlorophenoxyphenol
NO non-detectab'e sample result
NFR no ear folliculitis response
Na TCP (Na 2.4.5-TCP) sodium 2.4.5-trichlorophenate
NaOH sodium hydroxide
NaOPP sodium orttlo-phenytphenate
ceDD octachlorodibenzo-j:Hjioxin
ceDF octachlorodibenzofuran
OCPP octachlorophenoxyphenol
Opp ortho-phenytphenol
P personat breathing zone sample
PCP pentachlorophenol
PIB propytene glycol isobutyl ether
Pc process stream sample
Pr product sample
REFR rabbit ear folliculitis response
Ronnel O,o-dimethyt Q-(2,4,5-trichlorophenyt) phosphorothioate
STE shon term exposure sample
Silvex 2-(2.4.5-trichlorophenoxy) propionic acid
TCB , .2.4.5-tetrachlorobenzene
TCDD 2.3.7.8-tetrachlorodibenzo-j:Hjioxin
rNA time weighted average sample
TetCP tetracnlorophenOls
'II surface Wipe sample
mglM3 milligrams analyte per cubic meter of air
nglM3 nanograms analyte per cubic meter of air
ppm pans analyte per million pans of air
Uglwipe micrograms analyt8 per wipe sample
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