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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 NIOSH
Dioxin Registry Study.

A history and description of the processes, personnel, and records systems
are included in this report. An account of the procedures used to review
the personal record systex, industrial hygiene reports and dats, 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 Chemicsl Company
employees included in the Dioxin Registry.
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Introduction

The National Institute for Occupaticnal Safety and Health (NIOSH), Division
of Surveillance, Hazard Evaluations and Field Studies (DSHEFS), Industrywide
Studies Branch (IWSB), is conducting an investigation of health effects
resulting from occupational exposure t¢ polychlorinzted dibenzo-p-dioxins,
and in particular the isomers 2,3,7,8=tetrachlorodibenzo-p~dioxin (TCDD) or
hexachlorodibenzo-p-dioxins (ExCDD). This study, referred to as the Dioxin
Registry, is & compilation of demographic and work history information for
all U.S8. production workers who have synthesized products known to be
contaminated with TCDD or ExCDD. The Registry, initiated in 1979, was
prompted by animal studies showing TCDD toc be acutely toxic and a
chloraecnegen, as well as & carcinogen and teratogen.'-? TCDD is a
contaminant found in 2,4,S5-trichlozrophencl and/or its scdium =a2lt, which
are raw materials used to produce chemiczl compounds such as
2,4,5-trichlorcphenoxyacetic acid (2,4,5~T acid) and 2,2 methylenebis
(3,4,6-trichlorophencl) (hexzachlorophens). Curzrently, thasre ars fourtesen
production facilities and approximately 7000 workers includsd in the
Registry. The first uss of the Registry will be toc conduct a mortality
study for which the comparison group will be the U.S. male populatieon. This
study will evaluate the causes of death among workers exposed to products
contaminated with 2,3,7,8-TCDD and/or HxCDD. The Registry will alsc be used
in & morbidity study of workers from two sites from which worker exposure
data has besn included in the Registry.

The Dow Chemical Coempany located in Midland, Michigan is ons of the 14 sites
included in the Dioxin Registry. Presented is a compilation of information
and data collected from Dow on its 2,4,5-TCP, 2,4,5-TCP derivatives,
pentachlerophencl (PCFP), and PCP derivative processss which operated over a
forty year peried.

History and Description of the Facilities (Informetion Relevant to the
Dioxin Registry)

The Dow Chemical Company produced 2,4,5-TCP, derivatives of 2,4,5-TCP, PCP
znd derivatives of PCP, from 1935 to 1983 at its large, integrated chemical
plent 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
fallowing subsections describe the history and relevant details about the
buildings which houssd the 2,4,5-TCP, TCP derivatives, PCP and PCP
derivative preduction processes. Figures and tables referred to in the
following subsections can be found in Appendix A.

A) 2.4,5-Trichlozrophenol and Sodium 2.4.5-Trichleozrophenate
Dow initiated the production of 2,4,5-TCP on a develepmental basis in
1942 in 19%92 Building. Routine commercial manufacturing of 2,4,5-TCP
began in April, 1946. The scdium szalt of 2,4,5-TCP, sodium
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2,4,5-trichlorophenate (NaTCP), was synthesized in 199 Building and the
acidification and finishing to form 2,4,5-TCP was done in 349 Building.
Building layout diagrams for 199 and 349 Buildings are shown in Figures
1l and 2, respectively. 1In June of 1966, 804 Building was completed and
housed a new and significantly changed 2,4,5-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
2,4,5-TCP in 349 Building were shut down in the fall of 1966. The
2,4,5~-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 compléex ceased in
February 1979. Most of the 2,4,5-TCP produced was used in herbicide
production, with small amounts used in the production of
antimicrobials, such as Hi-Purity TCP, Dowicidd® (2,4,s-Tcp),

Dowicidd® B {NaTCP), and the insecticide, ronnel
(0,o-dimethyl-o-(2,4,5-trichlorophenyl)~-phogphorothicate). The 804
Bldg. 2,4,5-TCP process equipment was demolished on Sept. 31, 1987.

There are no records available which document the amounts of 2,4,5-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 2,4,5-TCP in B04 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 2,4,5-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.

2,4, 5-Trichlorophenoxvacetic Acid anéd Acid Esters

The 2,4,5-trichlorophenoxyacetic acid (2,4,5-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-D acid) facilities in the same
building. The production of 2,4,5-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 2,4,5-T acid process was
operated.
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Most of the 2,4,5-T acid produced was cenverted te butyl, Dcwanoﬂ’
PIE (a mixture of butyl and isobutyl ethers cf propylene glyccl) or
iscoctyl esters. The butyl esters were manufactured in the zcid ester
plant ir 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 Buildiﬁg have long since besn destroyed. However, bassd upon
reconstruction of events and reczll of Dow management, the following
estimates have been made:

1950~-1955 0-200,000 pounds/year

1956-1960 100,000-750,000 pounds/year
19£1-1985 400,000-2.0C million pounds/year
1966-1971 €00,000-3.5 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 szlt formulations, and the
balance was sold as & dry powder. About 80% of the esters producad
were further converted tc formulations in 489 Building while the
balance was sold tc formulators. There ig no record of who purchased
the 2,4,5~-T powder or the esters.

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. Theses facilities becams and remained as the
manufacturing facility for Silvex acid, as improvem=nte and expansicns
were made, until cessation of production in 1971. BAs stated besfore,
267 Building was demeolished in December, 1973.

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

Years Annual number of pounds
1958=19861 100,000-600, 000
1962-19¢€8& 300,000-500,000
1967-1971 500,00-1,500,000

About 80% of the Silvex acid was ccnverted to esters with the remaining
20% dried and packagsd as a powder. Eoth of these coperatione also took
place in 267 Building.

Direct Esters

The Direct Ester Plant was a multi-product plant, block operated (one
product made at a time) to manufacture esters cof 2,4-D, Z,4,3-T and
Silvex. The Direct Ester Plant was built in 1966, as an additicon onto
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489 Building, and started up with the manufacture of 2,4-D esters. A
building layout diagram for 489 Building is shown in Figure 5. 1In the
third quarter of 1967, 2,4,5-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-D esters represented approximately 50 to 80% of the ester produced
in the Direct Ester Plant with the balance of production attributed to
2,4,5-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
2,4,5-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
poundg/year) have been made by the company as based on evidence
available and are shown as follows:

2,4,5-T Esters Silvex Esters
1967-1971 2 to 5 0
1872-1979 4 to 6 9.5 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 2,4,5-T esters and Chevron for Silvex esters. End
users of the formulations are not known since these were marketed
through distributors.

Formulations of Phenoxy Herbicides
The formulations and packaging operations for all 2,4-D, and 2,4,5-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 2,4,5-T manufacture in 1971,
267 Building was the sole source of 2,4,5-T for amine formulations.
After the shut-down of the active ingredient plant, 2,4,5-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.S5.A)
and Chemic Linz (Austria).

Production records for the period c¢f 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 2,4,5-T was formulated annually. No amines of Silvex
were produced for commercial markets by Dow, The production quantities
of 2,4,5-T and Silvex ester formulation during early years were not
recorded. During the period 1977-1982, the amount of technical esters
{(as 2,4,5-T and Silvex) converted to formulated products ranged from
near zero to 1.8 million pounds per year for 2,4,5-T and zero to
650,000 pounds per year for Silvex.
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Ronnel

The manufacture of ronnel [0,0-dimethyl-0-(2,4,5-trichlorophenyl)-
phosphozrothicate) was quite sporadic. Developmental quantitiss were
produced in 267 Building from 19585 to 1957. The process was moved to
338 Building in January 1957 and was block operated with Zytro
[C-methyl=-0-{2,4-dichlorophenyl)-phosphorothicate] which was
discontinued in 1965. & building layout diagram of 338 Building is
shown in Figure 6. A ronnel production run in 338 Building rarely, if
ever, excesded six monthe operation in ordsr to meet markst demands.
ronnel producktion in 338 Building ceased in Mazrch, 1972 and 338
Building was subseguently demolisghed. Ronnel production was moved to
840 Building in March, 1573 and continued until December, 1977 whsn 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
thoss 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 pericd of its manufactures no
longer exist. From evidence gained through interviews with company
officials the following estimates of annual production are zs follows:

1955-1957 Up to 20,000 pounds/year

1958-1965 20,000 te 600,000 pounds/year
1966-1970 600,000 to 1.3 milllion pounds/yezr
1870-1977 1.3 to 2.2 million pounds/year

Erkon

The manufecture and esterification of Erbon
[2={2,4,5~trichlozophenoxy)-ethyl 2, 2-dichloropropxonate} was conducted
in 441 Building starting in 1955 and continued until 1964, A building
layout diagram cf 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 1988. 2,2-dichloropropionic acid
wag 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 2 seasonzal basis. ARs a herbicides, manufacture for the sezson
generally occurred in the months from February through May with the
length of a2 manufacturing run varying according to anticipated dsmand.
Actual production figurez are no longer available. Howsver, recall by
Dow management indicates that the ranges of annuzl production weres:

1855-19¢€0 Up to 200,000 pounde/year
1961-19€8S 120,000 to 230,000 pounds/year

19€6~-1974 60,000 tc 210,000 pounds/year
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Dowicide® Antimicrobials

The 265 Building was constructed in 1935 with equipment to flake and dry
pentachlorophenol (PCP) and tetrachlorophenol (TetCP) products ingtalled
in 1936-1937. Actual commercial production of these products probably
began in 1937. For the time period 1935 to 1941, PCP and TetCP were
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-D. 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 trichlorophencls which were used as “penta
starters™ in the TetCP and PCP processes. Small amounts of 4-mono- and
2,4,6-trichlorophencl were recovered for use and sale as Dowicide®.

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, Dowicide® 7. PCP was also
reacted with sodium hydroxide to produce sodium pentachlorophenate
(NaPCP) which was given the trade designation, Dowicide® G. TetcP
was given the trade designation, Dowicide® 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 powicide® 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.

b=



2,4,5-TCP and its sodium salt were also finished in 285 Building from
1946 through 1978, when the production of 2,4,5-TCF ceased. From 1%46
to 1966, NaTCP was produced in 199 Building and acidified znd distilled
in 349 Building. From 349 Building, the 2,4,5-TCP was finished by
flaking in 265 Building. 1In 196€&, the 2,4,5-TCP proces=ss wers moved to
the B804 Building. The NaTICP produced was acidified and distilled in
804 Bulilding eliminating the need to send the product to 34% Building,
2,4,5-TCP produced in 804 Building was finished by flaking in

265 Building. The flaked 2,4,5~TCF was given the trade designation of
Dowicidé@ 2. 2,4,5-TCP was algo reacted with sodium hydroxide to form
NaTCP which was given a trade designation of Dowicids'g BE. 2,4,5-7CF
produced in 804 Building was sometimss redistilled, in 349 Building,
before flaking, and was known a= Hi~Purity TCP.

Other products flaked and dried in 265 Building included
ortho-phenylphenol (Dowicidd® 1) and its sedium salt (Dowicidd® aj.
These products were produced in 265 Bullding from 136 until 1578, =t
which time thess operations were moved to another building.

Production records for the chlorophenols are no lenger available. In
general, there wag no apparent "geason” 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-trichlorophencl 194€-74: Up to about 100,000 lb/year
(Dowicide® 29) -

Tetra-and Pentachlarcphenols 194i-46: Up to 3 million lb/year
(Dowicidé@ € and 7) *1946-53: 2 to 7 million lb/year

*1953-66: 5 to 10 million lb/year
1967-78: 8 to 12 million lb/year

* Included production from 466 Building
The production records of 2,4,5-TCP as Dowicidd® 2 are no longer
available; but, the output of 265 Building has been estimated by Dow

management as follows:

1946-65: 50,000 to 300,000 lb/year as supplied by 199 Building.
19&66-77: 500,000 to 3 million lb/year as supplied by 804 Building.

Description of Department and Personnel Overations

Dow personnel are organized into organlzational 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

-7
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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 “generice"
appears in the job descriptions in Tables 5 through 14 use Table 4 to
obtain job descriptions for those job titles.

ICP_Processes

Synthesis of NaTCP began in 1942 in 199A Building on a pilot plant
bagis. 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 NaICP
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, 0ld 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 regponsible for operating the
NaTCP process. These individuals also operated other processes in

199 Building, such as aniline and p-chloro-o-nitrophenol processes.

Most 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 Dowicide®

Still Operations organizaticnal unit from 1972 to 1978, and finally the
Pentachlorophenol Production organizaticnal 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. Alsc 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 1%€6&, a new completely automated batch TCP process wag put into
operation. This new TCP process was located in the 804 Building complex
and was known as the Trichlorophencl crganizational unit.

Table 8, New 2.4,5-Trichloroohenol Opsraticn Job Titles and
Descriptiong, lists the job titles, dates the job titles were effective
and a sheort description of the job titles relevant to the new 2,4,5-TCP
process in 804 Building complex. Two TCP operators per shift, ssven
davys a week, were responsible for operating the new TCF process.
Superviscory and technical perscnnel were diresctly involved in plant
operations.

2.4,5-T acid and Silvex acid and "Acid-Esgter” Procegses

Commercial production of 2,4,5-T acid began in 1950 and continued until
1971 in 267 Building as a part of the Organic Semi-Plant organizational
unit. Table 9, 2.4.5~T Reid and Acid Egter and Silvex acid and Ester
Production Job Titles snd Description, lists the job titles, dates ths
job titles were effective, and a short description of the duties
associated with the job titles. Takle © also lists the various
organizational units that thess processes were a part of through the
years of their operation. Pilot plant operations of 2,4,5-T acid date
back to 1947. Four operators per shift ran the 2,4,5-T acid operations
seven days each wesk (four shifts per wesk). A fifth operator per shift
was addad when the 2,4,5-T acid pzroducts were dried. 2 flow diagram of
the 2,4,5-T acid and 2,4,5-T acid ester processez is shown in Figure 14,
which alsoc shows the variocus operators’ arsas of responsibility. The
Reactor Operator was responsible for operating the rsactor where the
godium salt of 2,4,5-T acid was producesd. The Salt Wheel Operatcr ran
the centrifugation, bleaching reaction, and filtration opsrations. The
2cid Wheel Operator was responsible for thes acidification copsration and
a centrifugation. Ecoth of thess centrifugs opesrations ware open and
were manually scraped cut. The Ester Operator ran thes esterification
reaction, a distillation process, a filltration process, and was
responsible for the storage of esters. The Dryer Operator ran the dryer
and packaged the crystalline 2,4,5-T acid. Packaging of 2,4,5-T acid
was dong manually. The dried product was releassd from a hopper into
300-pound fiber packs and weighed. BAn exhaust ventilation hood was in
place, but the arsa was reported to be quite dusty. Job transfers into
and cut of 267 Building were reportedly very common.

The Silvex zcid process was operated in 267 Building from 1958 to 1971.
The equipment was independent from that utilized for 2,4,5-T acid and
ester production. Jcob titles and descriptions were similar to those of
ths 2,4,5-~T job=, with the following exceéeptions. The Szalt Wheel
Operator ran a steam strippsr instead of a centrifuge, and he also was
respansible for the acidification reaction. The Rcid Wheel Opsrator ran
2 filter box and centrifuge which were ussd for washing the Silvex

acid. FKe manually loaded the centrifuge by shovel. FPigure 15, 2 flow
diagram of the Silvex azcid and ester processss shows the opsrators’
areas of responsibility.
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C.

2,4,5-T, 2,4-D and Silvex Esters by the "Direct Ester" Processes and

Formulatjons
The 489 Building housed the "direct-ester” process for 2,4,5-T esters

and 2,4-D 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
ghift, seven days each week were respcnsible 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-D, 2,4,5-T;, and Silvex "Direct-Es " Production Job
Titles and Description lists job titles, dates job titles were
affective, and a short description of the job titles relevant to the
rdirect-ester” operations. Table 10 also includes the job titles
associated with the various formulations which also took place in
489 Building.

Ronnel Process
The ronnel process was operated in 267 Building from 1955 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 fcllowed in the Midland, Michigan facility involved "bumping*®
less senicr persons within the department first, so transferring to
other departments was less common. Table 11, Ronnel Productjon Job
Titles and Degcriptions, 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 (1263-70), clopidol Operator 1973, ronnel Operator (1974-77)
and Dursbar®/ ingecticide 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, 1%72)
were the most likely to operate the ronnel operations during those time
periods. For the time perioda from 1955 to 1959 the company was unable
to determine who worked on the ronnel operation.

Erbon Processes
The Erbon process was operated in 441 Building from 1955-1974. This

process was smaller than the ronnel process and cperated 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 Productjon 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. Dowicide® Processes
The Dowicide™ antimicrobial cperations in 265 Building involved the
production of several different products including pentachlorophenocl
(PCP), tetrachlerophenocl {(TetCP), 2,4,6-trichlorophenol (2,4,6-TCF},
Z,4-dichlorophenol (2,4-D), and ortho-phenyiphencl (OPF). These
chlorophenols were produced by direct chlorination of phenol, with
subsequent distillation. Drying and flaking operations for ths =bove
mentioned products plus 2,4,5-TCP were also a part of the Dowicidse
processes. ' PCP and TetCF were alsc produced in 206 Building on 2 pilot
plant basis from 1937 to 1941 and in 466 Building from 1950 to 1966.

Tha PCP and TetCP operations in 466 Building wsre supplemsntal to the
operations in 265 Building and were not run continuously. The PCP
process also was ran in 349 Building from 1978 to 1980. PCP
distillation was conducted in 349 Building from 1973 to 1980.

Table 13, Dowicide®Production Job Titlez and Deseripticns, lists ths

job titles, dates the job titles wore effective, and & short dezeription
of the job titlez relevant to Dowieide® production in 265 Building

for the yesars thez Dowicide opzrations werz conducted.  Table 13

alge includes job titlez for workerz in 349 building for ths ysars 1872
to 1878.

Table 14, PCP Producticn Job Titles and Dezecriptionz, liste the jod
titlez, dates tha job titlez were effective, and 2 short deseription of
ths job titlez relevant tc PCP and TeiCP cperationz in 466 Building for
the wearz those operationz ware conduztaed.

Dezeription of the Peraonnzl Records

Tha fellowing record systems at Dow are maintained independsnily by the
appropriste depariments: generzl personnel, payroll, group insurance,
medieal, and workers' compensation.

The gengral personnsl recerds for hourly and sslaried exmployess are
mainteined by the Personnel O0ffice. The records for current employess
enzaged in manufacturing are locsted in the Employment 0ffice of ths
Miehigan Division, and records for administrative employees sre kept in ths
U.S. Area Employment Office. Threz years after the sezparaticn of employmss,
the records sre transferrsd to the U.S. Escord Center for long~term storaze.

Tae records includs the following:
1. Annual Census Lists - complete from 1940
2. ¥onthly Census Lists - complete from 1985

3. Work History cards - complete from 1940
4, Personnel Filez - deztroyed six yszrs after termination

-11-



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
reassigned 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 forward 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 demographic information as well as a detailed
chronology of job status changes and pay changes. Yellow typed cards 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 difference between the pre- and post-1963 cards is the absence of
person-to-notify data in the demographic 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 change 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 Medical Department. This
department retains the records for 3 years after employee termination. The
records are then transferred to the long-term storage facility, which
retains them for 75 years after termination.

The workers' compensation records are maintained by the Workers'
Compensation Office. These records are only retained briefly by this office
after employee termination. They are then transferred to long-term storage,
where they are kept for 25 years after termination.

No detailed information was obtained by NIOSH about the payroll records or
the group insurance records.
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Several spproaches could have been taken to identify the workers who should
be included in the Dioxin Registry, but the following method wz=s used: The
master number of zll workers ever employed in = relevent depzartment was
obtained from the annual and/or monthly census lists. The work history
cards were then obtzined and examined for rzlevant job titles. Workers
emrloyed only in processes not of interest for the Registry were excluded by
2 determinztion that no relevant job titles appsarad on the work history
card. This approach required prior identificztion of 211 job titles
associzted with the processes of interest. Thes company preparsed this
information. Salaried and hourly individuals were separately identified.

Maintenance worksrs presented different problems. In January 1968, there
were 1,196 maintenance personnel at the Midland facility. Prior to 1989,
maintenznce was a2 centralized operation, from which individuzls worked in
gll paris of the Michigan facility. From 1965 to 1969, the maintenznece
orgznization was gradually reorgznized inte division-wide Field Service
Units (FSUs). As of July 1981, maintenznce personnel have been azssigned to
production departments. Beczuse it was not possible to identify which
maintenznce people worked in the departments of intersst, m=intenance
workers were excluded from the cohort with one exception, certain
mzintenance workers who wzre identifisble and were included in the cohort.
Plant mechanics were always assigned to each depariment, and these
individuals, who appear with the department on the census lists, wers
ineluded in the NIOSH cohort.

Descriptions of the Processes

The processes used to produce TCF, TCP derivatives, PCF, and PCP derivatives
are listed in Appendix A, Table 1 z2long with the buildings in which they
ware located, the products produced, and the years that the products were
manufactured. The following subssctions contain descriptions of these
processes, including the opsrzting conditions where available, the equipment
used for each step, and the operations of ezch step. Figures referred to in
these subsections can be found in Appsndix C.

A) "0ld"™ Na2TCP Synthesis
The Dow Chemical Company produced NaTCP in 199 Building using the
following raw materials: methanol (CH30H), caustic seda (NaOH)
(flaked, until 1962; flilzked and aqueous solution, 1962-16466) and
1,2,4,5-tetrachlorobenzene (TCB). CH3zOH and water (H0) were used
as solvents in the process., Only one msjor change was made in this
process from start-up until it wes cghut down in 1966. Thnis change,
made in 1952, involved the substituticn of & coil reactor for the beteh
“tumbling” re=ctor used in the dechlorination of TCB. A block flow
dizgram of this precess 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 methancl, which was present in
excess quantities, occurred as follows:

NaCOH + CH40H ¢ > NaOCH4 + Ha0
(sodium methylate)

The resulting solution of methanol, water, and scdium 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 continucus-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 215°C), 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 OCH3
Cl cl
+ NaOCHj S + NacCl
cl ci
c1 cl
(TCB) (2,4,5-TCA)
OCH3 o{-Inal+)
1 Ccl
+ NaOCH3 ————— + CH30CH3
cl c {dimethyl ether)
cl cl
(NaTCP)

The by-product dimethyl ether (CME) 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), end TCDD (end any other dioxin isomers which might be formed),
were pumped to the zlcohol recovery operation. The company beslieves
that the source of the TCDD in MaTCP and its derivatives was due to the
following Teaction between two trichlerophenate ions during the
dichlorination step:

o-yat o~¥a*t
cl 1 c[ﬁo :@Cl
cl cl ci 0 cl
cl cl ‘

(TCDD}

The company has measurad levels of TCDD in its 2,4,5-TCP and its
derivatives (se= Chemiczl and Toxicologiczl Analyses of Products,
Process Streams, znd Wastes for Chlorinated Dibenzo(pldioxins later in
the report).

The alcchol recovery step involved a steam siripping distillstion which
removed most of the methanol znd some water from the product-stresam.
Water was pumped into the unit so that sufficient solvent was present to
kzep the HaTCF and NaCl in sclution. The methenol was recovered freom
the product-siream and subsequently reused in future MaTCP batches. The
aleohol retovery step was operated at atmospheric pressure and &
temperature no greater than 105°C (22i°F). The product-strezm

cutput from this step contained WaTCP, szli, woater, scme methanol, some
unreacted TCA, TCDD and any other chlorinsted dibenzo(pldioxins which
might have besn formed. The product-stream output was pumped from the
aleohol recovery to the next process step, the decantation vessel,

in the decantetion operation, the contents of the decantation vessel
were 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 jncinerater unit, where the contents were burned. An aqusous
layer containing ¥aTCP, &31t, and reziduzl methanol was pumped to the
next purification step.

Pasnate stripping was the final step in the MaTCP process. In this
cperation, the remaining methanol, methoxys, and lower chlorinated
phencls (meno- and di-) were stripped from the MaTlP soluticn. The
stripping step was operated at atmospheric pressure and at = temperaturs
no greater than 105°C (221°F). Tiae methancl removed was disposed of

in deep walls. Tha rasulting aguecus ¥aTCP solution, which alse
contained Nagl, waz pumpad to 349 Building for acidificationm and
finishing.
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"01d" TCP Acidification and Distillation

Dow Chemical produced 2,4,5-TCP in the 349 Building using an squeous,
salt-containing, NaTCP solution, which was the product of the "old"
NaTCP synthesis process at the 199 Building and aqueous hydrochloric
acid (HCl). 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 NaTCP solution and
hydrochloric acid in a reactor vessel. Once both solutions were pumped
into the vessel, a mildly endothermic reaction occurred, as shown:

0~Na*t OH
cl Cl
7/
+ HC1 }» + NaCl
cl 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 HCl) 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 Dowicide® 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.

*New" TCP Synthesis
Dow Chemical produced 2,4,5-TCP in 804 Building complex using the

following raw materials: methanol, caustic solution, TCB, and HCl
(agqueocus). Water and methanol were used as solvents in various stages
of the process. This process in 804 Building complex replaced the "014
NaTCP Synthesis Process” and the "0ld 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
diggram of the process is shown in Figure 13.
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The first step of this process involved a threes step reaction which
accurred in 2 closed, agitated, jacketed, batch rezctor. TCB and
methanol were pumped te the reactor and while the rezction proceeded,
caustic solution was continuocusly added. Water also was used ag &
solvent. The following segquence of reactions took place, with the
dechlorination of TCE being highly exothermic:

cL OCH3
cl cl
+ NaOCH3 e + WaCl
¢l cl
ci cl
(2,4,5-TCA)
OCH3 o-Net
c1 cl
‘ + N20CH3 e + CH30CH;
cl cl
c1 c1

This reaction occcurred at an operating temperature of less than or equsl
to 152°9C (3035°F) and a pressure of less than 300 psig.

The resulting solution contained water, salt, WaTCP, TCA (because the
reaction does not proceed to completion), and methanol. Methanol had
been added in excess of the stoichlometrically reguired amount se¢ that
enough methanol would be present to 2¢t as a solvent for the sodium
mathylate intermedizte. The DME by-product was vented to the atmosphesre.

The solution was pumped to the next step in the process, the decantation
vessel. In the decantaticn vessel, two layers formed, an organic layer
congisting mainly of TCA and an aqueous layer containing ¥aCl, NeTCP,
and methancl. This step was operated at a2 temperature less than 103°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 incineratiom unit for burning. This was usually
accomplished by pumping the oil into dumpsters which were hzuled 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 and
alcohol recovery steps were reversed as compared to the "old" NaTCP
process. This was done so that any diexin 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 o0il.”
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 1059C and at atmospheric pressure. The
recovered methanol was recycled to the batch reactor where it was used
in subsequent batches. The bottoms preduct, an aqueocus 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 2,4,5-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. 1In 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:

0~Na*t H
cl cl

+ HCl
cl Cl

+ NaCl

~

Cl Cl

The resulting solution of 2,4,5-TCP, NaCl, water, and any excess HCl was
pumped to a decantation vessel where the contents were allowed to
settle. Two layers, an organic layer of 2,4,5-TCP which contained some
residual NaCl and an aqueous brine containing any excess HCl, were
formed and then separated. The 2,4,5-TCP layer was pumped tc 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 2,4,5-TCP
product was ready for use in the production of any of the 2,4,5-TCP
derivatives.
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2,4,5-T Acid Synthesis

Dow Chemical produced 2,4,5-T acid in 267 Building using the following
raw materizls: 2,4,5-TCP, caustic solution, sodium monochloroscetate
(Ma2MCA), sodium hypochlorite, and HC1l (aqueocus). Water was used
extensively as a solvent in this process. The process remained the same
from its start-up until its eventuzl replacemsnt by the "dirsct-sster”
process; theres were no major changes during the years it was operated.
The maximum temperature achieved at any point in this process was 105°C
(221°F). The operating pressure at z2ll steps was approximately
atmospheric pressure, as the vessels were vented to the astmozphere.
Otherwise, each vessel was entirely closed while in operation except for
the centrifuges, the dryer outlet, and the asdjacent pzekaging

operation. A flow diagram of this process is provided in Figure 14.

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

OH ”Na*

c1
+ NaOH % o+ Hy0
c1

c1
The resulting sodium salt (¥aTCP) then reacted with the ¥aMCA, which was
added after the formation of NaTCP, to form sodium

2,4,5-trichlorophenoxyacetate (Na 2,4,5-T) via the following endothermic
reaction:

L0
0-va* o-CHz-C’
c1 c1 Yoyat
?
+ C1-CHy—Q ——-—————%7 + ¥aCl
cl o~wat
(Ma¥MCAa)
ci , c1
(N2 2,4,5-T)

The resulting aguecus sclution contzining Nz 2,4,5-T7, NaCl, water,
unreacted NaTCP znd 2,4,5-TCP was covled. The Nz 2,4,5-T crystallized
when cooled, while the other products tended to rem=in in sclution. Ths
entire slurcy was pumped to 40 inch basket centrifugal filters to remove
most of the agueous sclution of ¥aCi from the crystaliine ¥z 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 Na 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-aromaticg). 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 Na 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, Na 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:

) [o]
0-CH,-C 7 o-cuz-c//

™~ o0-Nat ™ oH

c1 cl
N
+ HC1 ? + NaCl
cl ci

cl 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 centrifugation step.

Centrifugation 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 being 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 tc esters, sbout 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 recirculzting
gir system. All residual moisture wzs removed from the 2,4,5-T acid
crystals by this unit. The dryer conveved dry 2,4,5-T zcid inte a
packaging hopper at the packaging station.

Packaging of 2,4,5-T acid was an “cpen", manuzl operation. Dust
exposure wes characteristic of this operation. The dryer operztor
ioaded each Fibre-Pek into position under the hopper ocutlet and on a
scale. The operatar then attached a flexible hose from the hepper to
the top of the drum, and controlled the flow of 2,4,5-T acid into the
drum. When the proper packaze weight was reached, the operztor stopped
the flow, removed the drum from the station, and clampad the fibre-Pek
lid in place. Drums of 2,4,5-T acid were then transported to the
wET2house.

Silvex Acid Svnthesis

Dow Chemical produced Silvex in 267 Building using a process very
similar to the process used to preduce 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. Thesra were
several specific differences betwsen the Silvex and 2,4,5-T acid
processes, and these are explained in the following paragraphs; the
processes were otherwisse identiezal.

The first and most important differznrce between these processes was ths
identity of the chemical compounds involved, Siivex (2lso known as
2,4,5-TP) has a2 chemiczl structure cf ‘

T 5

7

0-CH-CL_
€l OH

cl

ci
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as opposed to 2,4,5-T's

0
0-CH-C
OH
c1

cl

cl

Sodium alpha-mono-chloropropionate was used as the reacting agent for
producing Silvex instead of sodium monochloroacetate used to produce
2,4,5-T. Analogous propionic-substituted compounds occurred as
intermediates in the Silvex 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 Silvex process in place of the first
centrifugation found in the 2,4,5-T process. Because the sodium salt of
Silvex (Na-Silvex)} was more soluble than the salt of 2,4,5-T, too great
a portion of the Na-Silvex would be lost with Lhe water soluble
by-products if ‘the stream was centrifuged.

The lack of a polishing filter in the Silvex process was another
difference between the two processes. This difference also made the
intentional re-dissolving of the Na-Silvex 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 Silvex process. The slurry consisting of
the Silvex 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 Silvex 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 Silvex was transferred to the
dryer or to the esterification ("acid-ester™) process. Approximately
B80% of the Silvex produced was esterified and the remaining 20% dried
and packaged.

The final difference between the two processes involved the type of
dryer used. The Silvex process made use of a tray dryer. The wet
Silvex acid was laid out manually by the Dryer Operator into 4 ft. x 4
ft. trays. Dry air maintained below 100°C (212°F) was blown across
the surface of the wet Silvex removing the moisture to the atmosphere
above the building roof.

—22-



F)

Acid-Ester Svynthesis _

Dow Chemical produced various esters of 2,4,5-T, Silvex and 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
2,48,5-T, Silvex, and Z,4-D were the products of the 2,4,5-T Acid, Silvex
Aeid, and 2,4-D Acid Processes, respectively at the ¥Midland site as
previcusly ¢iscussed in this report. The Acid-Ester Process was not
significantly altered during the time which it was operated. Ths
Acid-Ester Process at 489 Building (which produced 2,4-D esters and
2,4,5-T N-butyl ester) and the Acid-Ester Process =zt 267 Building (which

" produced 2,4,5-T esters other than the N-butyl ester, aznd Silvex esters)

are both included in the description to fellow. The following
paragrarhs describe the production of esters of 2,4,5-T. Howesver, this
deseription alsc applies to the producticn of Silvex esters and 2,4-D
esters except for the obvious differences in chemical strusture between
ezch of thess substances. The chemical structure of 2,4-D ig:

o-m—xz-czé3
NoH
1

Ccl

The zpproprizte propionic-substituted comprund would replace, zat each
step in the production of Silvex esters, the acetic-substituted compeound
foungd in 2,4,5-T production. Similarly, the appropriate dichlorinated
compound would replace, at each step in the production of 2,4-D esters,
the trichlorinated compound found in the production of 2,4,5-T.

Figures 14 and 1S5, respectively, depict flow diagrams for ths 2,4,5-T
Acid and Silvex Acid Processes. The ssgment of each diagram which
applies to the Acid-Ester Process corresponds to the Ester Operator’'s
area of regponsibility in these figures.

The first step in the esterificetion of 2,4,5-T acid involved the
reaction batwsen 2,4,5-T acid and one of the following alechols:
iscoctyl aleochol, butanocl, or Dowancl PIE (& mixture of butyl and
isobutyl ethers of propylene glycol). Butenol was never used with
Silvex. Wat 2,4,5-T acid plowed from the final centrifugal basket
filters dropped down to a screw conveyor which transported it to the
ester reactor. An aleohol and a catalyst were added to the 2,4,5-T scid
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in the ester reactor. The mixture was heated to start the following
endothermic reaction:

G)

7 2°
0 -CHy-C 0-CHy-C
. OH OR
cl cl
+ ROH \ + Hp0
(alcohol) /
cl cl
cl cl

(2,4,5-T ester)

During the reaction period, the water produced was continucusly 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 s
"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.

Direct Ester Synthesis

Dow Chemical produced various esters of 2,4,5-T, Silvex, and 2,4-D 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, HCl, TCP (when 2,4,5-T or silvex esters
were being produced), 2,4-dichlorophenol (DCP) (when 2,4-D esters were
being produced), alcohcl ester of monochloroacetic acid (when 2,4,5-T
and 2,4-D 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:

a
Cl—CHz-dZ
OR

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

CH
* 0
7
\
OR

l
C1-CH-C
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In ezch structure shown, "R" is a group derived from ROH, which
represents the zlcohol used to produce the ester. The alechols used
included butyl, isobutyl, and mixtures of these; Dowznol PIB (2 mixture
cf butyl and iscbutyl ethers of propylene glycol); Dowanol EB
(2-butoxyethanol); and isoocetyl alcohols. The same alechol (ROH) used
to produce the MCR ester or 2-CP ester was used in the direct-ester
process ag & solvent. The process was not significantly changed during
the years it wss coperated. All operations in the process were conducted
at temperatures equal te¢ or less than 105°C (221°F), except as
specificzally noted. The fully automated process was operzted in glass
lined encleosed vessels from the first step through the final
distillation. The parsgraphs that follow describe the production of
2,4,5-T esters, which have a chemiezl structurs of:

(4]
-
0-CHs-C “

OR
Cl

ci

C1

but the description zlso espplies to the production of Silvex esters,
which have a chemical structure cof:

CHz
I,f
O—GH-C\
CR

cl
Gl
c1

and 2,4-D esters, which have a chemical structure of

7P
0-CHy-C

OR
cl

cl
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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 chlorophenoxyalkanoie¢ acid directly from the appropriate
chlorophenol without the isclation 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 aleohol, 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:

CH 0-Nat
cl cl

+ NaCH

4

+ H,0
Ccl Ccl
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 intc
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:

. ,O’Na+
o-Na* 0~CH=C__
OR
cl cl
0~Nat .
+ cl-ch=c” y + NacCl
cl S oR cl
cl cl
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NaTCP was used in excess and therefore some unreacted NaTCF remainsd at
the end of the reaction step. The resulting sclution of 2,4,5-T ester,
NaTCP, NaCl, and alcchol were pumped to ancther vessel for decantation
and NaTCP reclamation.

In the decantation vessel the mixture was sllowzd toc settle and form
organic and agueous layers. The aqueous layer containing N=Cl, NaTCP,
and smzll amounts of zlcohol (which was slightly miscible with w=zter)
was decanted off into an acidification vessel. '

HC1 was pumped into the acidification vessel znd following re=action took
place betwesn the NaTCP and HCI:

0 Hat /9
/g
0-CH=C, 0~CHp-C
cl cl
+ HC1 _________;? + NaCl
cl ' cl _
cl cl

Following this reaction the contents were zllowzd to settle forming an
agueous layer (containing ¥aCl and HCG1l) znd an corganic layer (econtz2ining
2,4,5-TCP}. The 2,4,5-TCP was decanted off and recovered for reuse.

The agqueous layer was sent to desp well disposzl and in later years to
the water traatment plant for disposal.

The organic laysr contzining 2,4,5-T esters znd alcohol from the first
decantation was pumped to a distillation unit. The distillation unit
was & steam stripping cperztion which removed the excess zlecchol. The
distillation unit was opesrated at temperaturss up to 150°C (302°F)

and under 2 vacuum. At thesse elevated tempsratures, the retention timse
was minimized and alkalinity conditions were optimized. Automatic
computer control equipmsnt was installed faor this step in 1976. The
alcohol removed in this step was recoversd for reuss.

The final step in the process involved an activated charesal filtration
system, which was added in 1976. The 2,4,5-T7 ester was pumped from the
distillation unit to the activated charcozl filtration system where
orgznic impurities, particularly dioxins, were removed from the 2,4,5-T
esters by the activated charcoal. The activated charcozl was changed
ezch time a different product was to be produced. The spant charcoal
was incinerzted.
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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 samplegs from the tanks
were analyzed for TCDD. Dow set a self-imposed standard for TCDD
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 TCDD content).

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

Formulation and Packaging

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 algso 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 isopropanoclamine 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-D 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 TCDD; 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 ugsed. A block flow diagram of the formulation and packaging
operations may be found in (Figure 18).

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

y
0-CHp—C” O—CHz—C

OH : O"NHY3_y)RX
cl
L + NH(3._X)R,( -——%
c

cl
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"R" repressnts one of many possible substitute groﬁps. This reaction
mechanism depicts the formation of an amine salt of 2,4,5-T, but an
analogous reaction with 2,4-D. No aminess of Silvex were produced for
commercial markets.

The process of formulating the ester products involved 2 simple blending
procedure where technical esters were dissolved in petroleum solvents;
emulsifiers and surfactants also were added. The blending occcurred in
ester formslation tanks.

The amine and ester formulations were conducted in stirred tanks and
block opersted. The tanks were not dedicated to any given amine or
ester formulation; instead, zll zamines formulations were done in the sams
tanks and all ester formulaticns were done in separate sst of tanks.

After a protuct was formulated, it was pumped to one of several
packazing locations. The first location to which a product could be
sent was directly to 2 tank car for shipment. The second location was
the 30~ and 50-gallon drum filling line. This operation was under
constant supervision of the cperator. 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
ware capped and transported to the warshouse. The remzining two
locations to which a formulation might have been pumped were the
S5-gallon and l-gallon packaging lines. Both were fully automated.
Contziners moved elong the line while the container to be filled was
positicned under the fill nozzle. The nozzle was automstically inserted
into the container and & pre-determined amount of liquid was injected
into the container. Each container waz capped. The l-gallon containers
from the high-speed line were boded and transported to the warehoussa.
The 5-gallon containers were also transported to the warshouse. Yesrs
azo, the filling of the various centainers just described was done
manually but the company is not surs whan these operations wzrs
automated.

Ronnel Svnthesis snd Fermulation

Dow Chemical synthesized ronnel using the folleowing raw materials:
2,4,5-TCP, caustic solution (¥a0H),
0,0-dimethylphosphorc-chloridothicate (DMPCT), HCl. Water and methylene
chloride (MsCly) weres used as solvents at various steps in the

proeess. Tals process was not significantly changed during its years of
production, Tihe temperature at each step in this process did not excesd
105°C (221°F), excapt as specifically noted. A flow diagram of this
process is shown in Figure 18.
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The initial step in this process was the neutralization of 2,4,5-TCP.
NaOH in excess, 2,4. -TCP, and water were added to a reactor, and the
following exothermic reaction occurred:

OH 0~Nat

cl Cl
+ NaOH E + Hp0
c1 cl -
cl

Cl

This reaction occurred at approximately atmospheric pressure, and the
temperature was controlled to approximately 105°C (221°*F). The
2,4,5-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. DMPCT and the solvent
MeCl, (some of which was recovered solvent from a distillation
discussed later in this subsection) were added to the aqueous NaTCP
solution. The NaTCP reacted with the DMPCT to form crude ronnel, as
shown:

5 OCHj
P
/// \\OCH3
0-Nat Q
s OCH1q
c1 N\ / .c1
+ //P\\ _— + NacCl
cl ci OCH3 C1
(DMPCT)
Ccl Ccl

This reaction was endothermic. The solution resulting from thig
reaction contained water, unreacted NaOH, unreacted NaTCP, NaCl,
MeCl;, 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 MeCl;-based organic layer formed. The aqueous
layer, containing NaCl, unreacted NaTCP, and small amounts of MeCl,
(which is slightly soluble in water), was decanted to the TCP recovery
operation. The MeCl;-based organic layer, ceontaining crude ronnel and

a small amount of NaCl was pumped to the next step in the process.

This step involved washing and centrifugation of the organic layer to
remove the remaining NaCl. Water was added to the organic layer and the
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solution was cocled to beleow 41°C (106°F). The ronnel crystallized
at this temperature. The centrifugation was performed zt this point.
The brine was removed by this step and pumped to the waste water
treatment facility. The remaining solution of MeCi, and ronnel was
then pumped to a final distillation process.

A& simple distillation removed the MeCl; from the ronnel in the final

- step. The solution was heated to g temperature of less than 105°9C

(221°F). The MeCl; boiled off as an overhead where it was recycled

to the esterification reactor for reuse as a solvent. The resulting
molten ronnsl solution was either pumpsd to 50 gzllon drums and zllowsd
to solidify, or pumped to the ronnel formulation process.

The agueocus phase from the decantation operation (discussed zbove) was
pumped to an acidification/decantation vessel for the recovery of
2,4,5-TCP. HC1l was added, and z reaction occurred betwsen the unreacted
NaTCF and the HC1l, a2 follows:

o~Net

OH
| c1 ci
+ HOL —— + N=0H
cl cl
Ci

Gi

Any unreacted ¥a0H present from the initisl resction in the process was
neutrelized as follows: NaOH + HCl —— FaCl + Hp0. Thne

resulting solution of 2,4,5-TCP, NaCl, water, and a3 smzll quantity of
MaGl; was allowed to settle to form agueous and 2,4,5-TCP layers. The
aqueous layer, containing NaCl (and & very small quantity of MeCijy)

was decanted off and pumped to the waste water treatment facility (sfter
being combined with the waste brine from the washing and centrifugstion
discussed above). The 2,4,5-TCF layer, which also contzined =z very
small quantity of MaCl;, was decanted znd pumped to the imitial

reactor vessel for re-use as 2 raw materizl (ses above discussion).

Dow Chemical formulated preoducts contzining ronnel, The materizls used
included romnel znd one of severzl inert materizls. This process was 2
simple mixing operation, and was never significantly changed. The
process consisted of adding ronnel and an inert m=terizl to 2
formulating vezzel, mixinz the contents, and transporting the
formulation to 2 packazing opsration.

Erbon Synthesis and Formulastion
Dow Chemical produced Erben, & coined names for the chemical
[2-(2,4,5-trichlorophenoxy)-ethyl 2,2-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 May. In 1974 Dow
storped 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 (Et0), 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:

H 0-CH,CH7-0H
cl cl
-2
+ CH»-CHj> —-ﬁ
(ETO? yd
cl cl
Ccl cl

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:

8 s
OH-CH,CH0H 0-CHy-CHy-B-c-cc1;
cl cL

]}
+ CH3-CClp-C-OH + Hy0
cl1 ciL
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
marketabie 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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Dowicidé@ Svnthesis, Finishing, and Packaginag of Dowicidé@
Antimicrocbizls .

Dow Chemical produced several chemical compounds known as Dowicidd®
antimicrobials in 265/34% Buildings. The following is a list of
Dowicide® antimicrobials, their chemical, names and the years of
production.

Powicidd® 2 = 2,4,S5~trichlorcphenol (1946-1578)
Dowicid E sodium 2,4,5-trichlorophenate (1946-1%77)
Dowiciad® 25 = 2,4,6-trichlorophenol (1%46-1974)
Dowicid € = tetrachlorophenol (1837-1974)

Dowicidd® 7 and EC7 = pentachlorophenol (1841-1980)
Dcwicidéa G = sodium pentachlorophenate (1541-1976)

Othsr than Dowicidé@ 2 and B, the above Dcwicidé@ Products were
produced by direct chlorination of phsnol under elevated temperatures
and pressure. The following discussion will describe the procesdure for
producing pentachleorophencl (PCP), and from this a digcussion of how
the other Dowicides®) were produced.

The raw materials used in the production of PCP were phenol, chlorine
gas (Cl,), and aluminum chleride catalyst (Al Clz). 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 PCF process involved the drying of phsnol to
remove any residual water that may have besn pressnt. This particular
step took place only froem 1573 to 1580. Before 1978, the phencl drying
was not conducted.

Next, phenol waz addsd to the first chlorinator. The first chlorinator
wa2e a cloz=d stesl vesssl eguipped with a2 gazs vent collection system.
Once the phenol had besn added, Cl; was bubbkled through it. The
following reaction mechanisms took place producing a2 mixture of mono-,
di-, and trichlorophenocls:

oH
. cl
— O + HC1
oH :
<:::> + cl, (2-chlorophenol )

OH

(phenol} A
—? @ + HCl

Cl

(4 chlorophenol)
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OH
y cl

+Cl; ——

OH
CL
> + HCl
OH
cl

+Cl,

(2.4-dichlorophencl)

1
OH OH
Ccl Cl cl
+ Cl,p 3 + HC1
[
Ccl cl

(2,4,6-trichlorophenol)

These reactions were carried out at approximately 60-70°C

(140-153°F) and 25 psig. Approximately 94% of the contents in the
first chlorinator at the end of chlorination was 2,4-dichlorophencl and
6% was 2,4,6-trichlorophencl. Very little 2-chlorophenol or
4-chlorophenol was present. The duration of this chlorination for a
full bateh took approximately 60 hours to complete, but also depended on
the amount of phenol being chlorinated. The hydrogen chloride (HC1)
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 HCl 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 AlCly was added and Cl; gas was bubbled throughout
the contents. The temperature of the second chlorinator was gradually
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raised to zpproximately 1659C (329°F) with a pressure maintained at
approximately 25 psig. The following reaction mechanisms took place:

OH ' OH
c1 c1L c1 c1
A1C13

+ Clg 4;§ + HC1

. Ccl
c1 cl
(2,3,4,6-tetrachlorophenol)

OH oH

ci c1 ci cl
AlCl,
+ Cls —4/ + HC1
Cl ' ci cl
cl cl
' (pentachlorophenol)

These reactions did not go to completion; tetrachlorophsznol persisted
during the reaction and was carried with the PCF during subssguent
processing. For example, technical grads PCP contained 4 to 1%
tetrachlorophensl, which was listed as 2 active ingredient in the PCP
product. The HC1 gas generated in the second chlerinator was handled in
the same manner as the HCl1l gas gensrated in the first chlorinator.

The contents from the second chlorinstor wzre pumped to 2 distillation
unit where lowsr chlorinated phencl (such as di- and trichlorophenols)
and any contaminants were boiled off and either recycled back to the
first chlorinator or disposad. The distillation cperation took place at
approximately 2309C (446°) and under a slight vacuum. This step was
added to the preocess in 1973, befeore this time the contents in the
second chlorinater was transferred directly to the varicus finishing
cperations.

Onz 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 molten PCP. The PCP would solidify on the
drum surface and as the drum rotated the PCP was scraped off the drum's
surface and fell intc a hopper as flakss. From the hoppar the PCP
flakes droppad down chutes to be packazed in either fiber packs or
50-gzlion stes=l 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,
Molten 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 1/8" 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 1978, the prill
finishing operations were discontinued. The PCP produced from 1978 to
1980 was finished by pouring the molten PCP into molds to form 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 0~Nat
c1 c1 cl cl
+NaOH + Hy0
cl cl c1 cl
c1 cl
(NaPCP)

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 tc 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 NaPCP 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 packs 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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form 2 wet cake of NaPCP. The wet cake then entered the fluid bded dryer
znd collected on top of a perforated plate above 2 plenum chamber. wWarnm
air entered the plenum chamber and rose up through the perforated

plate. This dried the wet cake and formed & bead-like product of

¥M2PCP. The sir/water vapor was vented out the top of the dryer. The
beads of HaPCP were removed from the deryer via hopper and screw
conveyor. Thne HaPCP was packed in fiber packs or 50 gallon steel drums.

Di-, tri, and tetrachlorophenols were produced in =z similar manner =zs
PCP. In the case of di- znd trichlorophenol, the contents in the first
chlorinator were pumpsd to & distillatien unit in 34% Building instezd
of to the second chlorinator. In the distillation unit the di- and
trichloroghenols wers separzted from each other by distillation and the
trichlororhencl was finished in the same manner as PCP. Prior to 1978,
the dichlorophenol was used to supply the 2,4-D plant.

Whezn tetrachleorechencl was being produced, ths resction tims in the
second chlorinater was shorter and the temperaturs was raised to
approximately 120°C (248°F) instead of 165°C (3299F) as in the

case of PCP. Tetrachlorophenol was finished in the same manner s=s PCP.
From each other by distillstion and the trichlorophencl was finishad in
the same manner as PGP. Prior to 1876, the trichlorophencl was used to
supply the Z,4-D plent.

Dowicide®2 and B were zlso finished in 265 Building. Molten
2,4,5-TCP was pumped to 265 Building from either 349 Building or
- 804 Building. In 265 Building, the 2,4,5-TCP was finished by flaking in
the same manner as PCP. Dowicide® B was finished ir the samz manner
as Dowicide® G, in 2 double drum dryer.

Dow also produced a product known as Hi-Purity TCP which was purified by
distillzation and was produced from 1966 to 1677 in 349 Buildinp. Mozt
of the Hi-Purity TCP was used as a raw material in the production of
ronnel while some was sold as a Dowicide® antimicrobial.

‘History of Cnlorzcne Incidsnce

Chloracns is a skin condition characterized by the appearance of
folliculitis, blackheads, acne, cy=zis, and scar formation due to an exposurse
to a chloracnezen. The dissase m=y be mild or savers, localized or
widesprezd, but under any circumstances it is 2 disorder with 2 prolonged
course. Lesions (blackhezds and cysts) of chloracne first appear on the
sides of the forehesd and around the laterzl zspecis of ths eyelids. Cystis
and lesions are freguently present behind the ears. A= exposure to the
chlorzenegen continues, the lesions can affect widesprezd areas, except for
the palms and soles®.
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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 2,4,5-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. Records 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 specifiec 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 representing severe folliculitis (greater
than 100 ug of TCDD). 1In 1964 the capability to quantify levels of TCDD was
developed by the company. The method of analysis was vapor phase
chrematography (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 dermatologist from the University of Pennsylvania
to study chloracne in prison volunteers.? 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 ug 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 TCDD between 8
and 7500 ug could cause chloracne. The experiments also showed that the
rabbit was 10 to 100 times more sensitive to TCDD 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 TCDD formed early in process steps. Despite
these precautions two chloracne cases ceceurred in 804 Building in 1971.
Poor work practice was the explanation for the occurrence.

265 Building had 2 history of chloracne cases. An early publication by
Milton Butler,10 an independent physicien from Seaginaw, Michigsn,

indicated that betwesn the years 1935 and 1937 21 of 26 employess involved
in the packaging of Dowicide® P (50% sodium tetrachlorophenate and S0%
ortho-chlorophenylphenol) had chioraene. 1n medical exzminations conducted
in 1966 for 28 workers from 265 Buildinz, 24 workers were found to have
chleracne, varying from slight to severe zcne, leading teo a Task Force besing
formed in 1987 to study the workers' chloracnes problems in 265 Building.
This task force was mades up of persons from Production, Research, Szfety and
Medical departments of Dow U.S.A., HMidliand Division. Many efforts had been
employed to decrzase the exposure to chloracneszens., Despite 211 thig, the
incidence of chlorzcne had not decresased to any large extent. In order to
make some headway azainst the chloracns problem, an industrial hygienist was
assigned to 265 Buildingz on an eight hour a day, continuous basis in 1971.
Tndustrizl hyziens activities continued in 265 and later in 265/349
Buildings until their eventual clesings in 197& and 1880, respectively.

Epidemiclozy Studies by Dow Chemical

Dow Chezmical has conducted and publishsd several studies of workers employed
in processes valevant to the Dioxin Regisiry. The population of workers =t
the Michigan facility has been 2 very stable one. Cook, et. £1.,11

examined and reported on the mortality experience of 61 mzale workers engaszed
in preductiocn, sempling or maintenaznce in the trichlorophenol proecess eres
betwesn November, 1983 and December, 1864. The study concluded that within
the limitations posed by cchort size and length of follow-up, TCDD does not
appear to have adversely affected mortaliiy experiences.

ott, et a1l2 conducted a2 study which examined mortality outcome among

204 mzle production workers engazed in the production of 2,4,5-T acid
betwesen March, 1950 and Mzy, 1971 in the job classification of resctoer
operator, sz2lt wh=2el cperator, acid whesl operator and dryer operator.
Length of employment in these job classifications ranged from less than one
year to 2 mawimm of zpproxim=tely ten years. Within the scope of this
mortality study, it was concluded that nc adverse effects were observed with
. respect to cccupationzl exposure to 2,4,5-T zcid or its feed stock,
2,4,5-TCF.

To determine whather paternal exposure to TCDD or other polychlorinsted
dioxins might be zsscciasted with adverse pregnancy cutceoms, Townssnd, et.
2al.13 conducted an interviewesr-administersd questionnaire survey =mong

wives of Dow Michigan Division employess who hzd besn 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.l4 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 pericd 1940 through 1979 of
2,189 workers with potential occupational exposures to polychlorinated
dioxins by Cook, et, a1.12 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 neoplasms 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.l6 reevaluated the mortality patterns of the chemical workers
previously studied by Cook, et. al.13 1In 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. a1l5) and had potential occupstional 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 the 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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Chemiczl and Toxicolozical Analyses of Products. Process Streams and Wasteg
for Polychlorinsted Dibenzo-p-Dioxins, and Chioracnegens

a)

Anzivtical =nd Toxicolopical Chronology feor Chlorinzted
Dibenzo(pldioxins

Frovided in Appendix D are zbstracts of the various analytical mesthods
used to analyze various substances for polychlorinated dibenzo-p-dioxins
and dibenzofurans. TIncluded in the abstracts are Dow Anzalytical Method
Wumbers, datés the methods were reported, and brief descripiions of what
wzs involved in conducting the analysis,

The follewing is & brief chronological summary of the Dow Chemiczl
Company's anzlytical and toxicological capabilities:

Lete 1930°s: The rabbit ezr test wes devalopsd and used until the early
70's to detect the presence of chloracne ineciters, and chleoraecnegsans.

Mo cases of chlorzcne were observed in operators making 2,4,5-TCP until

ezrly 1964. CGasss of chloracnzs have bean documented for proeess workers
in 285 Building throughout the years the processes wsrs opsrated.

September-December 19£64: The prineipal source of chloraens in 2,4,5-TCF
was learned to be 2,3,7,8-tetrachicrodibenzo{p)dioxin (TCDD). A Vapor
Phase Chromstozraphy (VPC) analyticzl method to messure the pressnce of
TCDD in Z2,4,5-TCP down to 1 part per million (ppm) was devsloped.

19%6: Dow set a2 self-imposed 2,4,5-TCP product specification thet TCDD
content would not exceed 1 prm.

1970: The VPC analyticzl method waz improved to m=asure TCDD in
2,4,5-TCP a2t 2 senszitivity of 0.5 ppm. The szlf-imposed TCP product
specification was revised so that TCDD content would not excesd

0.5 ppm. The VPC analytical method was further validsted to detect TCDD
in 2,4,5-T acid to 2 sensitivity of 1 ppm. 2,4,5-T scid product
specification was set to 1.0 ppm maximum TCDD.

1971: A Gas Chromatograph - Mass Spectromeiric (GC-MS) method was
developed to measure TCDD in both 2,4,5-TCP and 2,4,5-T zecid to a
sensitivity cf 50 parts per billion (ppb). Specifications for TCDD
content in both products were set at 0.1 ppm maximem.

1872: Tha GC-MS methed was'imprcveﬁ and validzted to determine TCDD
levels in 2,4,5-T esters and Silvex esters to a sensgitivity of S0 ppb.
Specifications were set for theze products to allicw no mors thsn 0.1 ppm
of TCODD.

1974: Improvements in the GC-MS method allowed TCDD to be measured with
a detection 1imit of 20 ppt in =ll 2,4 ,5-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, TCDD measurements may
not have been isomer specific even though these measurements were
reported as such.

Chemical and Toxicological Analyses of the Products, Process Streamg,
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-dicxins and dibenzofurans in preducts, process streams or
waste effluents. NIOSH investigators audited these documents to become
familiar with the documents and inatructed Dow perscnnel 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 (ND) sample results

3. mean of the limit of detection (LOD) for the ND sample results

4. mean of the sample results (including ND 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.13

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.'? Dpue to limited space in the table, the
reported ND value is the mean of the ND values for each sample type.

-42-



In general, the analytical methods used to obtain an analytical result
were known and provided to NICOSH by Dow. In reorganizing and
summarizing these analytical data, NIOSE investigatorz elected not to
include this information in the summary Tables 16 through 24 beczuse the
methods primarily depended on the year of analysis (see subsection &,
Analytical and Toxicological Chronology for Chlorinated Dibenzo-p-
diczing).

Cverall Tables 16 through 24 demonstrate that TCDD and/or cther
polychlerinated dibenzo-p-dioxinz and dibenzofurans were mesasured in
2,4,5=-TCP, 2,4,5-TCP derivatives, PCP and PCP derivatives. The highest
concentrations of TCDD wers found in the caustic inscluble waste oil
from the NaTCP procsss in 199 Building (Table 16). Detectable levels of
TCDD were found in 2,4,5-T acid, esters and amines and in Silvex acid
and estersz (Tables 19 and 20). Detectable levels of TCDD also wers
found in ronnsl and Erbon (Tables Z1 through 23). While no TCOD was
ever measured in PCP, Table 24 clearly demonstrates that destsctable
levels of ExCDD, HpCLDD and OCDD wers msasurad. Pelychlorinated
dibenzofurang alsoc 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 caussd slight
to modsrate folliculitis, while samples containing from 10 to 100 ug of
TCDD caussd modsrate to severe folliculitis (ss= Takle 25). Table 26
shows 2 histcorical account of rabdit ear testing results for various
chilorcphznols and their sgcdium szlts. Wnile the 1936-37 2,4,5-TCP and
its sodium salt did not produce folliculitis in the rabbit, the waste
{caustic insclubles oils) did produce folliculitis in ths rabbit ear
testing.

Past Indugtrial Evaiene Monitoring

Dow Chemical’s industrial hygiene program was initiated in the late 1830°s.
The industrial hygienes and toxicological functions were organized togesther
in a research unit of the company. Originally the industrial hygiene
function was carried out by personnel who were alsoc responsible for animal
toxicolegy. In 1942, the first full time industrial hygienist was

agsigned. B safety enginesr joinsd the industrial hygiene staff in 1948 and
a hezlth physicist was addsd to ths staff in 1955.'7 As a result of such
an organization, industrial hyglens reports have been written for 2,4,5-1ICF,
2,4,5-TCP derivatives, PCP, and PCP derivatives processes starting in the
early 1%40's thzough 1580.

A thorough review of the Dow industrial hygiens file= wa= conducted. Forty
reports and miscellanecus data were identified as pertaining to 2,4,5-TCP,
2,4,5-TCP derivatives, PCP, and PCP derivatives producticn processes. Thess
materials were reviewsd by Dow personnsl, sensitive information such as
perscnal identifiers were removed, and then copled and sent to NIOSH. The
gsctions that follow briefly describe the nature and typss= of data for each
building identified as containing 2,4,5-TCP, 2,4,5-TCP derivatives, PCP or
PCP derivatives production processes. The company hags 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 (¢fm)]). 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 procegs 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 (ND) sample results, the mean of the analytical limit of
detection (LOD) for the ND sample results, the arithmetic mean, the standard
deviation, the minimum detectable sample result, the maximum detectable
gample result, and the units of the values reported. For calculation of the
mean and standard deviation, each ND result was assigned the value of
one-half their limit of detection.'?

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. A 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 TCDD 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
chloracnegene were discontinued by 1966 because skin contact was recognized
as the primary route of exposure.
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Wipe testing, & more plausible indicator of dermzl exposure potential, was
conducted to determine the chloracnegenic contaminztion and dezree of
cleanliness in the plants. In gensral, dry filter papers were used to wipe
equipment and surface areazs within z plant. For =z portion of the samples,
the filters were extracted with a solvent and the extract wss applied to
rabbit ears for four weeks to determine the chloracnegenic potentizl. The
remzining wipe samples weare analyzed for TCDD content by VPC. 1In later
years, wipe samples ws=re anslyzed for TCDD, HxCDD, HpCDD and OCDD content by
GC-ECD and GC-MS. The limit of detection ranged from 0.1 ug to 5 ug per
gzwple. Tracking wipe test results over time helped to indicate the degrese
of control., It is difficult to fully reiste wipe test results to indiwvidual
exposure. Wipe tests were tzken on floors, walls, valves, railings,
benches, equipment, ete.

&)

199 Building

Tables Z8 throuzh 33 summarize the data collected from 199 Building.
Tables 78 and 29 pertain to the aniline processes which were zlso housed
in 199 building. These data are included in this report to demonsirate
what confounding exposures the workers in 199 Building may havs had dus
to the fact that the azniline and NaTCP processes wers in close proximity
tc each other. Tables 30 through 33 pertain to the NaTCP process.

Sampling was conducted in this building for zirborne expesures to raw
materials, products, and chloracnegens. Sampling was also conducted for
chloracnezens by wipe samples.

In the lazte 1940's it was discovered, bty uszing the rabbit-ear test, that
2 chleoracnezen was presant in the NallP process. Eventuslly, testing
for chloracnezenic acstivity (and later for ths pressncez of TCDD) wss
conducted quarterly, and whenesver eguipment wzs decontaminzted. Ths
testing waz zlso conducted on an "as required” basis. During the
demolition of 199 Building in 1948, testing for TCDD contamination was
alsp conducted.

& 1958 survey was the first focus of the Dow industrizl hygiene staff on
the WaTCP process. Ares air samples and bresthing zone samples were
collected and analyzed for TCB, 1,Z2,4-trichlorobenzens,
monochlorobenzens, methanol, caustic, 2,4,6-trichloroanisole, =nd

WaTCP. Tne results for these samrles are shown in Table 30 a2nd 31. Two
cbservations were mzds of the workers zctivities during this survey
which indiczated why a lot of these workers would later develop chlioracns.

The first obssrvation stated that:

"The process operator is reguired to take g sample of the crude NaTCF
product each hour. This is done in 2n a2res nesr the cooling coils. It
is =slsc in the generzl arez of the control panesls and the operator's
desk, where most of his time is spent. The actual time required for
tzking the sample 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 rejating 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 NaTCP. This
resulted in a greater output of waste o0il, 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. 1In February 1964, several cases of chloracne were reported among
the NaTCP operators and a supervisor. In April 1964, it was noted that
the waste poil 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 WaTCP 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 TGCDD using VPC. These surface wipe sample results are
listed in Table 32. Detectable lewvels 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 0il 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, ete.), 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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G)

Table 33 is 2 summary of analytical data for products, process streazms,
and waste from 199 Building. These data were obtained from Dow IH date
and were reported separate from the anaiytical data for 199 Building in
Table 16 to avoid duplication of datas.

804 Buildinz :

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 leocation. Tebles 34, 35 and 36, summarize all
available data coliected at this lecation.

An evaluation of workers' exposures to chemical and physical agents for
all job classificstions wes performed betwsen May and June 1978. Ares
air (Table 34) and personal air sampling (Table 35) for airberme ICE,
TCA and 2,4,5-TCF were collected on silica gel sample tubes at zn air
flow rate of 0.1 liter per minute (lpm). Silicz gel tube samples were
desorbed and analyzed for TCA, TCB =and 2,4,5-TCF using GCG-ECD. Personzl
and ares air sampling for airbornme TCGDD, Hx=CDD, HpGDD, and OCDD were
collected on mzmbrans filters 2t an airflow rate of 1.5 lpm. The
anzlytical determinztions of dioxins on the membrane filters were
performed by extracting the dicxins from the filter intc =z known volums
of solvent. TCDD then wes measured by GC-MS and HxzCDD, HpCDD, and OGDD
werTe measured by GC-ECD.

&s a result of the 1978 survey, 27 arez2 air sampleg from seven
locations in the 804 Building complex wzre ccllected and anzlyzed for
TCB, 2,4,5-TCA and 2,4,5-TCP with detectable resultes ranzging from 0.003
to 0.008, 0.003 to 0.0C3 z2nd 0.003 to 0.8 ppm, respectively. These
results are listed in Teble 34. Similarly, 27 personal semples in the
job classifications TCP Opesrator, Spsre, Sr. Production Engineer, Plant
Supsrintendsnt and Alternate were collected and anzlyzed for TCRB,
2.4,5-TCA and 2,4,5-TCP. The detectable TCB, 2,4,5-TCA and 2,4,5-TCF
personzl sample results ranged from 0.003 (Production Engineer) to 0.01
(TSP Operator), 0.002 (Spare) to 0.008 (TCP Operator) and 0.003
(Production Enginesr) to 1.7 (TCP Operator)ppm, respectively. Thess
results ars listed in Table 35.

"Cleanliness" surface wipe samples for TCDD wesre collected gquarterly.
Gf the 950 areza wipe samples collected, 1886 had detectadble levels of
TCDD ranging from .01 to 60 ug/wipe, and sre shown in Table 36. Thsa
waste o0il dumpster arez was one site where positive samples for TCDD
were frequently found. This area nesded continued care and quick
clesn-up of any spills.

349 Buildinz

Hi-Purity TCP was produced in this building. Later, in 1978, PCP was
also produced in 349 Building. Table 37 summarizes the re=zults of ares
gir sampling for 2,4,5-TCP in the TCP distillstion ares. Table 38
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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 inveolving 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 periocd 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 yvielded 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. 1In 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.

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 2,4,5-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 2,4,5-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-D 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
(LOD=0.10 mg/M3). Similarly 36 samplee were collected and analyzed
for 2,4,5-T acid with 17 non-detectable results (LOD 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,-D acid
had detectable levels. The result for the detectable 2,4,-D 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 Operatcr) to 0.81 mg/M3 (Reactor Operator) while

-48-



E)

estimates of 2,4,5-TCP exposure ranged froem 1.60 mg/M3 (Drier
Operator) to 9.70 mg/M3 (48" Wheel Operator) for the four job titles
studied.

Surface wipe samples, collected in 1965, were analyzed in the same
mannar a® thoss ccllected in 199 Building. The surface wipe samples
collectsd in 287 Building wezre a dirsct result of the chlorzcne problen
in 19% Building because tha NaTCP producad in 199 Bullding was usgsed asz =
raw material to producs 2,4,5-T acid in 2€7 Building. Results of thess
surface wipe testing are shown in Table 43. Forty—-nine surface wipe
samplez werez colliected throughout the work arsas of 267 Building. Thesse
samples were analyzed for TCDD with 44 cf the 49 having non-detectable
TCOR levsls (mean LOD=1.0 ug/wipe). The detectadble sample results
ranged from 2 to 20 ug/wipe. Analytical TCDD concentration data for
2,4,5-T acid process strezams and products were found in industrial
hygiene documents for 267 Building and these values are summarized in
Table 44.

489 Building

Frocesses in thie building included the 2,4-D synthesis process, the D/T
Acid-Egter process from 1967 to 1579, and the Direct-Ester process.
Formulation and packaging of phenoxyalkanoic herbicides were also
performsd in 48% Building. The Diract-Ester process produced esters of
2,4,5=-T, Silvex, and 2,4-D. Industrial hygiene egampling was conducted
in the Direct-Ester process area and in formulation arezs and datz was
available for the years 1977, 1978 and 1979. B2area zir samples were
collected and analyzed for Z-butoxyethanol (glycocl ether EP),
1-isochutyoxy-2-propancl (glycol ether PIC), 2,4-dichlercphencl
(2,4-DCP}, 2,4-D acid, trichlorophencls (TCPs) 2,4,5-T esters, carbon
menoxide (CO) and methyl-chlorcphsnoxy-acetic acid (MCPA) and summarized
in Table 45. Breathing zone air samples were collected and analyzed for
Silvex and total dusts and the results are summarized in Table 46.
Per=cnal samples were collected and analyzed for gly ether EE, 2,4-DCP,
2,4=-D agid, TCP=, 2,4,5~-T ester, CO, and MCPA and are summarized in
Table 47.

Rirborne EB, PIB, and isococtanol vapors were collected on silica gel at
an airflow rate of 0.1 pm, thén desorbed and analyzed using GC-ECD
methods. Airborne 24-DCP, 24=D acid and TCPs were collected with both
activated alumina adsorbsr tubes and midgst impingesre containing caustic
solution at air flow rates .of 0.1 lpm for the tubes and 0.5 lpm for the
impingars. Both the alumina tubes and the impingszr solution were
analyz=sd using GC-ECD. Alrbcoczrae 2,4,5-T7 eszster samplez wers collected
using midget impingsrs containing isococtans at an airflow rate of
0.30 lpm. Th= analyses wera done using GC-ECD technigques. CQ air
concentrations ware measurad 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
45. 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 2,4,5-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/m?

of Silvex. The personal air sample results are summarized in Table 47,
Of the 27 chemical analyses conducted on personal air samples ¢ollected
from workers in 489 Building only 6 had non-detectable results. Eight
personal samples were collected for the Direct Ester Operators and
analyzed for 2,4,5~T ester. Six of eight personal samplee collected had
non-detectable results (LOD=<0.3 mg/mﬁ) with the two detectable sample
results being 1.0 mg/m®.

Surface wipe samples also were collected in the direct-ester process and
2,4,5-T ester purification areas of 489 Building. These sample results
are summarized in Table 48. 1In 1977, nine surface wipe samples were
collected in the 2,4,5-T ester purification area following the removal
of spent carbon from the activated=-charccal filtration column. All nine
samples had non-detectable results (LOD=0.1 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.
Twe of the five 2,4-DCP measurements had detectable levels, 6 and 46
ug/wipe.

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 metheda. The summarization of the
surface wipe samples results are listed in Table 50. 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 romnel
process in 840 Building. When the romnel process was moved to
840 Building, its operation was very sporadic.

441 Building
Erbon was synthesized in 441 Building from 1955 to 1974, Industrial

hyziene sampling data was not available for the Erbon process in this

building.

2865 Buiidinz.

Dowicide® products were produced, finished, and packazed in 265
Building. Dowicide® products relevant to the Dioxin Repistry are
2,4,5-TCP, M2TCP, PCP, N2PCP, 2,4,6-TICP, and TeilCP. Tne industrial
hyziene sampling data for 265 Building is summarized into Tables 51, S2,
53, ang 54,

Tzble 51 summarizces zll arez air samples collected in 265 Building, and
in 2657349 Building after 1972, Arez zir samples in Tsble 51 date from
1949 through 1980. Ereathing zone samples collected in 265 Building are
summarized in Table S2 and contain dstz from 1949 to 1966. Personal zir
szmples collected in 265 and 265/349 Buildings are summarized in Table
53 and date from 1972 throuzh 1980. Surface wipe samples collected in
265 and 265/34%9 Building are summzrized in Table S4 and contain datz
from 1985 through 1980. Table 55 contains analyticzl chloracnegenice
data for products produced in 265 Building and date from 1964 throuzh
1968.

The first air samples collected in 265 Building were for TetlF, WNaPlF,
PCP, OPF, and MaOPP in 1949 end 1850, The samples were collected using
2 large impinger containing czustic at an sirfiow rate of one cubic foot
per minute (efm). Thz analyses were carried cut using UV
spectrozhotometry. By 1950, a departmentzl policy was implemsnted
requiring the workers to wear eye protection and rubber gloves when
collecting chlorinated phenol samples from the chlorinators.  The
procedure for collecting these samples involved drzining the sample from
the chlorinator to a small cup which was attached to the end of z piece
of chain. The practice of allowing the sample cup to swing at the end
of the chain while carrying it resulted in the contaminstion of ths
workers shoes, pant lezs, znd the floor. A 1967 industrial hygziene
report summarized the industrizl hyglene activity from late 19854 through
19%67. Dust samples collected during this time were collected on glass
fiver filters at 2n airflow rate of 7 efm. The samples were then
weighed, extracted with a2 sclvent and then either tested on rabbit ears
or analyzed for (2,4,6-TCP and/or 2,3,5-7CP,) 2,4,5-TCP, OPP, TetlP znd
N=POF using VPO, 1In 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, proceedinés of the Biochem-Medical-Safety conference

held by Dow researchers detalled chloracne problems in 265 Building. 28
of the 34 workers from 265 Building had skin examinationas. ©Of that 28,

7 had no problems, 15 had alight 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
gshowers all continued to be necessary at that time. This wase 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 1960g.
Much data had been gathered from 265 Building and much work had been
carried cut 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
8-hour per day, continuous basis from April 197! 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 isococtane
at an air flow rate of approximately 0.5 lpm. The isooctane was
acidified to convert the scdium salts to their respective phenols and
the solution wae 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/M>.

Similarly for PCP, the range was 0.006 (Master Clerk) to 0.109 (PCP
Blender - Flaker Operator) mg/M3.
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The next major Dow report on the environmental conditionsz in 265 and 349
Buildings was a "Summary of Industrial Hygiens Activities at 265 and 349
Building® from December 1975 to Decembzr 1978". Perscnal and area air
samples wsre collected for phenol and mono-, di-, tzri-, tetra=-, and
penta~- isemers of chlorophencl. Area air samples were also collected
for TCDD, ExCDD, OCDD, HxCDFT and OCDF. Surface wipe samples were
collected throughout 265 and 349 EBuildings and analyzed for TCDD, HxCDD,
HpCDD, OCDD, H=CDF and OCDF. Rirbornes phernol and chlcorinated phencl
vapors wer2 collected on silica gel adsorbent tubs= at an airflow rate
cf 0.10 lpm. Ths adsorbent was desorbsed with a known quantity of
solvent and analyzed for O- and p~ igcmers of chlozophenol, thes 2,4~ and
2,6~ igomers of DCP, PCP, phenol, TetCP and the 2,4,S5- and 2,4,5~isomers
of TCP using GC-FID, Airborne particulate were collegtad on membzans
filters at an airflow rete of one lpm. The fllters wers analyzed
gravimetrically for total dust and selected filters were alsc analyzed
for PCP and Te:tCP by GC=FID. Area air samples for TCDD, HxCDD, OCDD,
ExCTDF and COCDF werz collected with thres types of sample media:

membrane filter, XAD-2 resin solid adsorbent and midgst impingers
containing n-dscans, Theses samplez werz analyzed uszing GC-MS, Surface
wipe samples were collected by wiping approximately 100 sguaze
centimeters of surface with a dry filter parer (Whatman #2, 5.% cm) with
as much pressure as could ba applied without tearing the paper. Ths
contaminantse from these samples were extracted into known quantities of
solvent and determinad by GC-ECD and quantitated by GC-MS,

In 1978, six azea air samples were collected in 265/349 Building and
analyzead for HxCDD, as shown in Table 51. BAll six air samples had
non-detectable results at a detection limit of 0.2 ug/M>. Surface
wipe samplesz also were collected in 265/34% Building and analyzad for
HxCDD for the years 1976, 1977, and 1978. Table 54 lists thess
results. In 1978, 93 of the 133 surface wipe samples collected and
analyzed for HxCDD were non-detectable at a range of detection limits
betwsen 0.1 to 0.8 ug/wipe. Detectable HxCDD wipe samples rangsd from
0.1 to 5.5 ug/wipe. Similarly in 1977, 132 of the 198 ExCDD surfacse
wipe sample=z were non-detectable (L0D=0.1 ug/wipe) and the detectables
ranged from G.1 to 5.0 ug/wipe. The HxCDD wipe sample results in 1978
were 12% of 170 non-detectable (LOD=0.lug/wipe) and detectables ranging
from 0.1 teo 7.1 wg/wips.

A report was generated in 1978 for 265 and 34% Bulldings entitled the
*Evaluation of Employess' Exposures to Airborne Concentrations of
Several Chlorodibenzo-p-dixoins, PCP, TetCP and HCB in 268 and 34%
Buildingsz®". Personal and arsz air samples were collected on membrane
filterz at an airfiow of 2 lrm and analyzed for HxCDD, EpCDD and OCDD by
GC~EC and quantitated by GC-MS. Both perscnal and arsa air samples wers
collected for PCP, TetCP and HCE using silica gel adsorption tubes at an
gir flow rate of 0.1 lpm. The tubes wers 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 HxCDD in 1978 and are listed in
Table 51. Seventy-six of the 92 HxCDD air sample results were
non-detectable at a detection limit of 0.03 ug/H3. The detectable
HXCDD air sample results ranged from 0.06 to 6.8 ugIH3. Five personal
samples were collected and analyzed for HxCDD in 1978. All five sample
resu%ts in Table 54, were non-detectable at a detection limit of 0.03
ug/M-.

A final report on exposure conditions for 265 and 349 Buildings was "A
Comprehensive Evaluation of Employees’ Exposures to Contaminants at 349
Building, March 1979 through December 1980." By this time, 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, HpCDD,
OCDhD, nonychlorophenoxyphencl (NCPP) and octachlorophenoxyphenol (OCPP)
were measured. Area air samples were collected and analyzed for HCB,
HxCDD, HpCDD 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, HpCDD 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-MS. Surface wipe samples for HxCDD, HpCDD, OCDD
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 uglu3. The detectable HXCDD results ranged from
0.001 to 0,035 uglu3. Forty-six personal air samples in eleven job
clagsifications were collected and analyzed for HxXCDD 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/M3. The detectable
results ranged from 0.001 to 0.058 ug/H3. 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.

466 Building
Pentachlorophenol production in 466 Building supplemented that which was

produced in 265 Building. WNo industrial hygiene data relavant to PCP
production was available for 466 Building.
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Potentizl Exposures and Controls Used

Various methods were employed by Dow Chemical to reduce emplovee exposures
to 2,4,5-TCP, 2,4,5-TCP derivatives, PCP, and PCP derivatives. In response
to the chleracne problem in 199 Building, several changes were mzade during
19£4-1965. They included: the replacement of 211 connections in the piping
and equipment with weslded joints, to eliminate the seepaze of materials out
of the process; the required use of gloves and protective clething, and
respirators as nesded; the institution of better work practices znd of
personal hygiens procedures; the institution of a medical surveillance
program; and, a program of regular cleanliness tests (surface wipes tests for
acnegen testing and dioxin measurements) Similar changes z2lso occurred in
265 Building (process for Dowicide®) in 1965-19¢¢.

Engineering control maasures also were emaloyed on the 2,4,5-T scid
processes and the Dowicide® product processes to reduce exposure

potential. The packazing area in 267 Building had loczl exhaust ventilation
to limit workers’ inhalation exposures to airborne 2,4,5-T acid and Silvex
dust. The exhaust zir from the ventilztion system was filtered to remove
dust, and wag recirculated. Tne flzkers used in the Dowicide® product
process also had local exhaust ventilation. These control measures werse
used to limit employeses' inhalation exposures to 2,4,5-TCP, WNa2TCP, PCP, and
NzPCP dusts in 265 Building and later in 349 Building. Additionally, vacuum
systems were employed, rather than sweeping to collect the dust and debris
in the finishing and package area of thess processes.

Conelusions

Al1 workers whoe can bz shown by company records to have worked in one or
more processes listed in Table 1 were considered suitable for inclusien in
the Dioxin Registry. Based cn the extensive analytical dataz (Tables 16
through 24) it can be sesn that TCDD was found in 2,4,5-TCP and 2,4,5-TCP
derivatives and HxGDD was found in PCP and PCP derivatives. Ares and
personal air samples (Tables 28 through 56) show that workers involved in
thase processes were expossd to the raw materials, intermediates, products,
and more than likely waste materizls. 1In 265 Building, arss and personal
air samples showsd those workers were also exposed to H=CDD, HpCDD, and
0CDD. Surfzce wipe samples, while difficult to fully relstes to personzl
exposure, illustrated that a2 potential existed for skin exposure to TCDD,
HxCDD, KpCDD, and OCDD in these worhers. 1In addition, the pressnce of
chloracne in workers in 199 Building znd 265 Building indicates that
substantizl exposure to chioracnegens (TCDD and/or KxGDD) occurred. Based
on process deseriptions, analytical znalyses of produets, process streams,
and wastes for polychlerinated dibenzo-p-dioxins, job deseriptions, and
industrial hyziense datz and information, it will be possible to construct an
exposure matrix to estimate potentizl exposure to dioxins for the workers
from Dow included in the Dioxin Rezistry.
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APPENDIX A

Dow Buildingz Layouts
Figures 1 through 10
and
Tables 1 throuzh 3

The Dow Chemical Company
Hidland, Michigen
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Table 1

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

The Dow Chemical Campany
Midland, Michigan

Organization Units of Buildings

Building and Their Dates (Relevant to Study Only) Process Froducts and Their Bates of Preduction
1984 GCPM/PEA ‘ 1942-1545 Bevelopment NaTCP NaTCP 1942-Mar 1948
185 Aniline Aprii l§46 - Fall 1968 01d Ma7CP, Batch NaTCP Aprii 1945 -~ 195;

01d NaTCP, Continuous  MaTCP 1852 - Fall 1988
804

{Cerplex) Trichlorophenol  June 1985-February 1979 New TCP TCP Junz 1985 - Feh

459 2,4-D Production 1950 - 1983 Acid Ester Butyl Ester of 1952 - 7988

Dirsct Ester

Amine Formulation

Ester Formulation

Acid-Ester{D/Butyl T)

2,4-0 Acid

= Usually preducsd “D* products
** Intsrmittent operaticn
*xx Opsrated regularly only to 2 Quarter 1979, then intermittently

—€9-

2,4,5-T

A1l

Esters of 2,4,5-T*
A1T Silvex Esters®
A1} Esters of 2,4-D

Amines of 2,4-D%
Amines of 2,4,5-T*
Amines of MCPax=>
Al 2,4,5-T Ester
Formulaticons
All Silvex Ester
Formulations
All 2,4-D Ester
Formulations
MCPA Ester
Formulations
M-Butyl Ester of
2,4,5-T*

Ail Esters of 2,4-07

2,4-D Acid

3Q 1887-Feb 1975
1972-%oy 1978

3@ 1966 - Feb 197
1920-1953
19501983
1958-1983
1950-1982**=
1958-1982*>=
1850-1983

1883

1852 ~ Aprit 1987
1850 - 1883

1950 - 1980



Table 1 (continued)

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

The Dow Chemical Company

Midland, Michigan

Organization Units of Buildings

Building and Their Dates (Relevant to Study Only) Process Products and Their Dates of Production
338 Chemical Products
Develop Dept ~ 1957 - 1963 Ronnel Ronnel 1957 - Feb 1970
KorlanR-zytronR Jan 1963 - Feb 1963 Apr 1971 - Mar 1972
Ronne1-Zytron® Feb 1963 - Feb 1970
Cyclic Products Mar 1970 - Mar 1972
840 Animal Health May 19713 - Sept 1974 Ronnel Ronnel Mar 1973 - Dec 1977
Dursban®/Ronnell Sept 1974 - Dec 1977
265 DowicideR 1937 - 1978 DowicideR 2 DowicideR 2
{Flaked TCP) 1946 - 1978
DowicideR B DowicideR 8
{Crystalline NaTCP) 1946 - 1917
265 DowicideR 1937 - 1978 PCP Finishing Pentachlorophenol 1935 - 1978
PCP Productionn Pentachloraphenol 1941 - 1978
{DowicideR 7)
Sodium Pentachloro-
phenate 1941 - 1976
(DowicideR G)
349 8isphenal 1946 - 1965 01d TCP Acidification TCP (Unpurified) Apr 1946 - Fall 196
Chloroghenol 1965 - 1972 TCP Distillation TGP (Purified) Apr 1946 - Fall 196
Hi-Purity TCP 1966 - 1979
DowicideR 1972 - 1978 PCP Distillation Pentachloropheno! 1973 - 1980
Pentachlorophenol Aug-1978 - Dec 1980 PCP Production Pentachloropheno] 1978 - 1980

’

-70-

(DowicideR EC-7)



Table 1 (centinued)

Buildings, Dates, Froducts and Organizational Lists
for the Processes Relevant to the Dioxin Registry
The Dow Chemical Campany
Midland, Michigan

Organization Units of Buildings

Building and Their Dates (Rslevant to Study Only) Frocess Products and Their Dates of Prcduction
441 Emco Ester 1955 - 1957 Erbon Erbon and Erbon
MaTCA & Baron P1t 1857 - 1970 Formulation Jan 1985 - Jec 1974
Loy ECR PIt 1970 - Bec 1974
AB% Pentachlorophenol 1947 - 1883 Pentachloraphenot Crude PCP* Moy 1950 - Apr 194§
Senax 1983 - Apr 1955 Chloriration
Flaked PCP Flaked PCP 1947 - Apr 1966
Crystalline NaPZP Crystalline NaPCP 1947 - pApr 1988

Zinc Trichlorophenate Zinc Trichiorophenate 1957 — 1658

208 Bewicides 1935 - 1941 TetrasPentachlorophenol TetrasPentachlorophznol
{Developmental) Sedivm Pentachlore-
phenate Jan 1935 - Dec 1941
€48 Erbon Erbon _ Jdan 1985 - Bec 1973

=71



Table 1 (continued)

Buildings, Dates, Products and Qrganizational Lists
for the Processes Relevant to the Dioxin Registry
The Dow Chemical Company
Midland, Michigan

Organization Units of Buildings

Building and Their Dates (Relevant to Study Only) Process Products and Their Dates of Production
267 Organic Semi Plant 1948 - 1957 2,4-0 Acid 2,4-D Acid 1948 - 1950
Chemical Production  Jan 1957 - 1963 Q 1967 - 2Q 1969
Organic Chemical Products 1963 - 1968
Cyclic Products 1968 - 1971 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]
Silvex Acid Silvex Acid 1958 - May 1971
Acid-Ester (T/Silvex/D) Al1 (Except N-Butyl)

Esters of 2,4,5-T Mar 1950 - Apr 1967
4Q 1969 -~ 2Q 19N

A1 Silvex Esters 1958 - 20 197

A1l Esters of 2,4-D 1948 - 1950
1¢ 1967 - 2Q 1969

Developmenta! Ronnel™ : Ronnel™
1955 - Jan 1957

T Jsually produced "0” products

-72-



Table -1 - Symbol Codes

OCPN/PEA = ortho-chloro-para-aniline/phenethyl alceohol

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-trichlorophencxyacetic acid
Silvex 2-(2,4,5-trichlorophenoxy)propionic acid

MCFPA = 2-methyl-4-chlorophenoxyacetic acid

Ronnel = 0,0-dimethyl 0-(2,4,5-trichlorophencl)ester of phosphorothioie
acid

Dowicidee 2 = 2,4,5-trichlorophenol

Dowicidee B = Sodium 2,4,5-trichlcrophenzte

Dowicide® 7 Dowicide® EC-7 = PCP = pentachlorophencl

Dowicide® G = NaPCP = Sodium pentachlorophenate

Erbon = 2,2-dichloropropancic acid 2-(2,4,5-trichlorophenoxy)ethyl

ester
Zinc Trichlorophenzte = Dowicide@ 9-B seed protectant = Zine(II)Salt(Z:1)
trichliorophenol

Xorlan® = Formulation containing ronnel

Zytran@ = O-methyl 0-(2,4-dichlorophenyl)ester of phosphorothoic acid

Dursban® = 0-0-diethyl 0-(3,5,6-trichloro-2-pyridinyllester of
phosphorothicic acid

Baron® = Formulation containing Erbon

-73-



Table 2

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

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

267 Building

Midland, Michigan

-Th4=

The Dow Chemical Company

% Running Time

8

= i~
RN NSNNO N
= n

[
o o

34
44
37
22
63
13
0
Not available
82
34



Table 3

2,4,5-T Ester Production Direct-Ester Process,
as & Percent of Time
489 Building
The Dow Chemical Company
Midland, Michigan

2.4,5-T Ester

Year % Running Time
19467 Not available
1968 Not available
1969 Not available
1570 18
1971 a1
1972 47
1873 36
1875 3¢
1975 27
1976 49
1877 -1
1978 33
1979 14

~75-






APPENTIX B

Dow Job Titles and Descriptions
Tables 4 through 14

The Dow Chemical Company
Midland, Michigan
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Table 4

Generic Job Title Descriptions Appliczble Across
Organizational Units Through 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, Engineser

Prodn. Engr., Prod. Dev. Engr., Sr.
Prodn. Engr., Dept. Maint. Engr.,
Sr. P. Dev. Engr., Res. Dev. Engr.,
Chem. Engineer, Prod. Chem. Engr.,
Chemist, Prod. Chemist, Organic
Chemist, Pasint Chemist, Biclogist,
Environmental Supervisor, Tech. Assist.

Plant Supervisory
Prodn. Supt., Prod. Supv., Semi-plant

Supv., Prod. P1l. Supt., Warehouss
Supervisor, Main. Supervisor, Sr.
Prod. Supv., Asgist. Supt., Assist.
Pr. Pl1. Sp., Assist. Plt. Supt., Pr.
Pit. Assist. Sp., Generzl Foreman

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

Plant Maintensnce

Plt. Mech., Jrny. Mech., Repair Man,
Plant Repair Mech. Draftsman, Plt.
Mzch. Crew Leader

Utility Man, Utility Man Cl. 1,
Utility Mzn Cl. 2

-77-

Description

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

Occasionally in 2ll 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 experience.



Table 4

Generic Job Title Descriptions Applicable Across
Qrganizational 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-iob Operating Crew
Spare, Alternate

Analytical
Anal. Tech. Cl. 1, Anal. Tech. Cl. 2,

Lab. Assist., Sr. Lab. Tech., Lab.

Tech., Lab. helper, Cl. 1 Test. Tech.,

Test. Tech. Cl. 2, Cl. 1 Spec. Test.,
Cl. 2 Spee. Test., Cl. 1 Spec. Anal.,
Cl. 2 Spec. Anal.

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

-78-

Description

Responsible for process
operations, or portions of
process operations,
troubleshcoting, 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 perform
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.



Tzble 5

Early 2,4,5-Trichlorophenol QOperation
Job Titles znd Descriptions
1942-194¢
199 (19%4A) Building
The Dow Chemical Company
Midland, ¥ichigan

Organizational Unit
CCPM/PEA (1942 - 1945)

A full-scale commercial production plant for manufacturing
2,4,5-trichlorophenol (TCP) wes brought on-stream in April, 1946. Prior to
that date (from about 1942 through 1945), low volume quantities of TCP were
produced on & sporadic basis. From work history records and interviews with
a former supervisor, an orgznization unit, OCPN/FEA
{ortho-chloro-paranitreaniline/phenyl ethyl zlcochel), was identified in
connection with the early TCP operations. The organization unit was locsted
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 hawve been used to
identify employees and job classifications assigned to the unit for
inclusicn in the Dioxin Rezistry.

Job Title Dates Description

Supt. 1642 - 1946 Generie

Asst. Supt. 1942 - 1948 Generic

Chem. Engr. 1942 Generic

Chemist 1642 - 1943 Generic

Foreman 1945 - 1946 Generic

Sub-Forman 1942 - 1944 Generic

Lab. Helper 1942 — 1943 Located in 172 Building,
worked on TCP znalysis.

Plant Repair 1943 Generic

Plant Mach. 19468 éeneric

Handymsn 1944-1946 Generice

-7G~



Table 5

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

199 (199A) Building

1942-1946

The Dow Chemical Company

Midland, Michigan

Job Title : Dates
Alternate Op. 1945-1946
Relief Op. 1942
Class 2 Operator 1946
Class 3 Operator 1944
Asst. Operator 1943-1945
Oper. Helper 1942
Trichler. Operator 1943-1945
Janitor 1942-1946

-80-

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 cn TCP
process.

Operated TCP process.

Potentially exposed to TCP.



Table &

0ld 2,4,5-Trichlorophencl Operation
Job Titles zand Descriptions
1946-196¢
199 Building
The Dow Chemical Company
Midland, Michigan

Organizationzl Unit

Aniline (April 1946-Fzll 1966)

Tha organizational unit, aniline, contained TCP process.

Date of

2,8,5-trichlorocphencl (TCP) production April, 1946 through Fall 1966. The
aniline end TCP operation were both in 199 Building in close proximity to

one another.

Job Title Dates Description

Superintendent 1948-196¢ Cenerie

Asst. Superintendent 19461966 Generic

Foreman 1853-1960 Generic

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

Jrny. Mech, 1946-1951 Generice

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

Plant Mechanic 19461966 Generic

Utility Man. 1946 Generic

Sub-Foreman 1946-1953 Generic

Head Operator 1946-1966 Generic (time spent among
all processes in dept.)

Alternate Cperator 194£6-1950 Generic

1958-19¢¢
Alt Head Operator 1949-1958 Generic
Cl. 2 Alt. Cp. 1948 Generic
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Table 6

0ld 2,4,5-Trichlorophencl Operation
Job Titles and Descriptions
1946-1966
199 Building
The Dow Chemical Company
Midland, Michigan

Job Title : Dates Degeription
Analyst Tech. Coor. 1954-1966 Generic (inventory work,

performing aniline process
analyses and small amount
of TCP process analyses)

Cl. 2 Analyst Tech. 1950-1954 Generic (Performed lab
analyses on mostly aniline
and some TCP processes)

Cl. 1 Special Analyst. 1946-1949 Generic (Bagsically same as
€Cl. 2 Analyst Tech.)

Janitor-Handyman 1950-1954 Clean-up, janitor work and
material handling.

Handyman 1946-1950, 1954 Generic (Clean-up and
material handling)

Janitor 1546-1949 Generic (Clean-up and

1954-1958 janitor work)
Recovery Operator 1946-1966 Primarily worked on aniline

process in recovery
operations, cleaned
presses, treated tanks, atc.

Reactor Operator 1946-1966 Ran aniline reactors and
TCP reactors, and support
activities including
unplugging of lines.

Press Filt. Op. 1949-1950 Moved materials, cleaned
and changed filter in the
aniline process.

Press Operator 1946-1948 Probably cleaned filter
press used in aniline
operations; little time
spent in TCP process.

Reactor Press 1950 See reactor operator and
and Filter press operator.

-82-



Table 6

0ld 2,4,5-Trichlorophencl Operation
Job Titles znd Descriptions
1646-1B66
199 Building
‘The Dow Chemical Company
Midland, Michigan

Job Title . Dates Description
TCF Mixer Qperator 1955-1966 Primarily mixed caustic

with methanol in the first
step of the TCF process,
performed material transfer
and some sampling of
process streans.

Top Mixer Operator 1953 Probably same as TCP mix
operator, except would have
worked on other processes
also.

Mixer Cperator 19461949 Job redefined to be press
and filter operator
(aniline process in
proximity to TCP process).

Tri. ¢h. Ph. Opr. 1946-~10952 Ran TCP process; mixed
starting materizls;
transferred to reactors;
unlpaded rezctor; did some
sampling of process
streams; ran the
Mathocel® still.

Still Operator 1946-196¢ Operated stills, ammonis
towers and transferred
material in the aniline

process.
Catalyst Operator 1946-1949 Mixed catalysts in the
aniline operations.
Operator Analyst 1950-1954 Operations in aniline
195¢ process and maintenance
1964-1966 throughout the plant;

szmple analysis.

Transfer Man 1946-1650 Received aniline process
ra¥ materials.
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Job Title
Head Packer

Packer

Head Pack Tsfr.
Flaker Operator
Chlor & Greasing

Operator

Phenol Recovery Oper.

Mixer man

Table 6

0ld 2,4,5-Trichlorophenol Operation
Job Titles and Descriptions
1946-1966
199 Building
The Dow Chemical Company
Midland, Michigan

_Dates Description

1946-1950 Aniline process; loading.

1946-1949 Aniline process; loading.

1950-1960 Aniline process; loading.

1962-1966

1947-1954 Aniline process

1948 Lubricated equipment in 199
Building

1950 Primarily worked on aniline

process in recovery
operations, cleaned
presses, treated tanks, etc.

1948 Job redefined to dbe

press/filter
operator-aniline process
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Table 7

Chlorcophenol Distillation Operation
Job Titles and Descriptions
194€6-1972
349 Building
Dow Chemical Company
Midland, Michigan

Organizational Unit

Bisphenol 1946-1965

Chlorophenol 1965-1972

Dowicide® still Operations 1972-1978
FPentachlorophenol Production 1978-1980

Sodium 2,4,5-trichlorophenate (NaTCP) was piped from 199 Building to 349
Building where neutralization with hydrochleric zcid was carried ocut and
where distillation removed other chleorophencls which were returned to the
raw material streams for further chlorination. Additional removzl 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 HaTCP wzs sent to 349
Building. TCP distilled at this time was known as hi-purity TCP. The
hi-purity TCP product for use in romnel production would have contained less
residual chlorophenocls. Other chlorophenol (mono-, di-, tri) were also
finished in this area. Pentachlorophenol (PCP) was distilled in 34¢
Building after 1972. 1In addition, bisphenol was menufactured in z separzte
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, employess assigned to these other processss
would have experienced intermittent low exposure to TGP and related products.

Bisvhenol (1946 — 1965) (Maintenance 1965 - 1972)

{This organizational unit existed before 1946 and after 1985; TCP
neutralization and distillation occurred betwesn 1946 and 1965 in this unit:
in 1965, the distillaticn operations were reorganized under the chlerophencl
organizational unit.)

Job Title ‘ Dates Description
Superintendent 1547-1965 Generic
Assist. Pr. Pl. Sp. 1952 Generic
Assist. Supt. 1963-1965 Generic
Prod. Dev. Engr. 1965 Generic
Chemical Enginesr 1947-1962 Generic
Chemist 1967-1963 Generic

Generzal Foreman 1963-1965 Generic
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Job Title
Foreman

Sub-Foreman
Crew Leader
Head Cperator

Alternate

Utility Man Cl1. 1
Utility Man Cl1. 2

PA Tr. Stl. Oper.

Still Oper.
Assist. Still Oper.

Janitor-Handyman

Handyman

Lorry Oper. Handyman

Cl. 1 Spec. Analyst

Table 7

Chlorophenol Distillation Operation
Job Titles and Descriptions
1946-1972
349 Building
Dow Chemical Company
Midland, Michigan

-86-

Dates Description
1947-1965 Generic
1947-1958 Generic
1962-1965 Generic
1948-1965 Generic
1956-1962 Generic
1967-1972
1952-1972 Generic
1959-1966 Generic
1955-1965 Started-up and operated
stills, sampled lines and
performed analytical work
for TCP.
1945-1958 Basically same job as PA Tr.
1860 Stl. Oper.
1949 Same job as PA Tr. Stl.
Oper.
1955 Clean-up and some
1957 maintenance in TCP
1965 operations.
1946-1949 Same job as janitor-
1952-1959 handyman.
1966-1969 Drives forklift truck and
1970-1972 did low skill maintenance,
some work in TCP operations.
1952-1972 Laboratory work; potential

TCP exposure.



Table 7

Chlorophenol Distillation Operatioen
Job Titles and Deseriptions
1946-1972
349 Building
Dow Chemical Company
Midland, Michigan

Job Title . - Dates Description
Assist. (Orper. 1848-1958 Presumably asst. still

operator, therefore would
have same job as still eop.

Cl. 2 Operator 1945-1957 Could possibly have worked
on TCP at some point.

Chlorophenol (1965-1872)

The egtablishment of the Chlorophencl Unit was an organizational change, not
2 change 1n coperating perscnnel or location of process. In 1972, the sams
operations were reassigned to the Dowicide® antimicrobials unit.

Job Title Dates Description
Superintendent 1965-1972 Generic
Ass;st. Supr. 1968-1972 Generic
Prod. Dev. Engr. 1965-1968 Generic
Genarzl Foreman 1965-1971 Generic
Foreman 1966-1968 Generice
1571
Utility Man Cl. 1 1865-1972 Generic
Head Operétor 1965-197¢C | Generie
Spare | 1968-1973 Generic
Alternate 1965-1967 Generic
Para-Tri-Stl. Op. 1965-1¢70 Szme job as PA Tr. Stl.

Oper. in Bisphenol
organizaticnal unit.

Still Operastor 1968-1972 "Same job as PA Tr. Stl.

Oper. in Bisphenol
organizational unit. .
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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 Description
Jan.-Handyman 1965-1972 Maintenance and drumming;

potential TCP contact.

Shipper 1965 Handled bags of
pentachlorophenol; at most,

low intermittent TCP
exposure.
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?able 8

New 2,4,5-Trichlorophencl Operation
Job Titles and Descriptions

Origanizaticnal Unit

Trichlorophenol (June 1966-February 1979)

1966-1979
804 Building

The Dow Chemical Company

‘Midland, Michigan

In June 1966, 2 new significantly changed 2,4,5-trichlorophencol (TCE)

process was brought into operation in 804 Building.

The origeanization unit

of which the TCP process was 2 part of was known as trichlorophenol. The
process operated until February, 1979.
involved in this origanizational unit.

Job Title
Superintendent

Prodn. Supt.

Techn. Supr.

Assist. Superintendent
Prod. Chemist

Sr. Predn. Engineer

Frod. Chem. Engr.
Prod. Dev. Engr.

Foreman

Utility Man C1. 1

Spare

Alternate

Dates

1967
1969-1973
1977-197¢9
1974-1977

1973
1867-19¢9

1872

1976
1978-197%

1870

1968-1970

1967~-1972
1974-1978

19671972

1972-1979

1978-1979
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There were nc other processes

Description
Generic

Generic
Generic
Generice
Generice

Generic

Generice

Generic

Generic

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

Generice

Genearic



Table B8

New 2,4,5-Trichleorophenocl Operation
Job Titles and Descriptions
1966-1979
804 Building
The Dow Chemical Company
Midland, Michigan

Job Title . ~_Dates Description
Trichlor Operator 1967-1979 Ran TCP process; loaded
(Trichlphnl. Oper.) reactors; ran finishing

operations, collected TCP
process samples, and
transferred materials.

Loader Lorry Operator 1%74-1976 Handled raw materials, made

equipment preparation, and
operated forklift truck.
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Table @

2,4,5-Trichlorophenoxvacetic Acid and Acid Ester and
2-{2,4,5-Trichlorophencxy,propionic 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 1850's)
Chemical Production 1957-1963

Organic Chemical Products 1961-1968

Cyclic Products 1968-1971 (Unit postdates 1971)

Commercizl preduction of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T zacid)
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 & number of organic chemicals. The TCPA operator
w2s specificzlly assigned to the 2,4,5-T acid pilot operations. The size of
the 2,4,5-T acid work force expanded considerably in 1650, with the start-up
of the full-sczle production. These operations included zn esterification
process and, by 1958, production of 2-(2,4,5-trichlorophenoxy)propionic acid
(silvex). (Note: Silvex operator first appears on 1962 censug list.)
Commercizl production of 2,4,5-T acid and Silvex ceased in 1971. The
Orgenic Semi-Plant included diversified operstions spanning several
buildings. Thus, it is unlikely that professicnal/techniczl personnel would
have besn sssigned to multiple production areazs as could be the case for
mzintenance employees. Houwsver, it is very difficult to determine on a
one-to-one basis whether or not superviser 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. P1. Supt. 1950-1969 Generice
Assist. Superintendent 1969-1973 Generic
Assist. Plt. Supt. 1958-19¢&% Generic
Semi Plant Supr 1862 Generic
Pr. P1t. Assist. Sp. 1950 -1959 Generic
Proc. Dev. Supr. 16561660 Generie
Dept. Mnt. Eng. 1957-1959 Generic

-91=



Table 9

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

Job Title
Organic¢ Chemist

Chemist

Res. Dev. Engr.
Sr. P. Dev. Engr.
Prod. Dev. Engr.
Engineer

Chem. 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

267 Building

1948-1971

Production Job Titles and Descriptions

The Dow Chemical Company

Midland, Michigan

Dates

1957-1960

1948-1963

1950-1960

1956

1948-57,1965-1967

1950~-1960

1950-1963

1950-1957

19561959

1950-1956

1948-1968

1968-1969

1951-1963

1968-1971

1950-1971

1968

1968-1971

1968

1950-1953
1957-1958
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Deseription
Generic

Generic

Generic

Generic

Generic

Generic

Generice

Generic

Generic

Generic

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

Generic

Up to 10% of time running
2,4,5-T acid analyses

Generic
Generic
Generic
Generic
Generic

Generic



Table 9

2,4,5-Trichlorophenoxyzcetic 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 Cempany
Midland, Michigan

Job Title Dates Description

Cooler COperatecr 1962 Unknown

Alternate 1965-1968 ‘Generic

Flt. Héch. Cr. Leader 1953-1959 CGeneric

Plant Mechanic 1348-195¢9 Generic

1963-1971

Spec. Welder 1948-1959 Generic

Jrny. Welder 1948-1959 ‘Generic

TCPA Operator 1948-1950 Operzted 2,4,5-T acid pilot

(TCPAA)

Oven Wheel Op.

2,4,5-T Reactor Op.

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

2,4,5-T Na Wh. Op.
(2,4,5-T Na S1. Op)

2,4,5-T Drier Op.

plant operations; wheel
operator and drier operator

jobs.

1948-1950 Previcusly TCPA operztor,
basically dried 2,4,5-T
acid.

1951-1971 . Transferred raw materials

te 2,4,5-T acid reactor and
ran the reactor.

1951-1971 Ran acidification
operations and a
centrifugation operation in
the 2,4,5-T acid process.

1951-1971 Ean a2 centrifugation,
bleaching reaction and
filtration eperations in
the 2,4,5-T acid process.

1951-1971 Ran & drier which dried

2,4,5-T acid and packaged
the dried 2,4,5-T acid.
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Table ¢

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 Dates Description
2,4,5-T Ester Op. 1953-1971 Operated esterification

process, added 2,4,5-T acid
and higher aleohols,
handled solid 2,4,5-T acid;
silvex was made in same

equipment.

Spare 1956-1971 Generic, worked as an
alternate in 2,4,5-T acid
process,

Silvex Operator 1962-1971 Operated reactors and

handled Silvex.

Tray Handler 1962-1971 Loaded silvex trays by
shovel, pulled trays out of
oven and dumped dried
silvex into fiberpaks.

Lorry Operator 1951-1961 Clerical and fork lift
truck driver and
repackaging of 2,4,5-T acid.

Tank Car Loader 1958-1971 Unloaded and sampled
2,4,5-trichlorophenol (TCP)

and cleaned presses.

Operator Handyman 1958-1965 Not known. Part of Qrganic
Chemical Production.

Tank Carman 1950-195¢6 Unloaded tank cars
ineluding TCP.

Ronnel Operator 1970-1972 Cperated ronnel reactors in
338 Building.

Phenate Op. 1964-1972 Made up sodium
2,4,5-trichlorophenate from
TCP.
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Table 9

2,4,5-Trichlorocphenoxyacetic Acid and Acid Ester and
2-(2,4,5-Trichlorophenoxy)propionic Acid and Acid Ester
Production Job Titles and Descriptions

Jot Title
MCP Resctor Operator

HCP Wheel Op.

Class 1 Opersator

Class 2 Opersztor

L& 1 Operater

Prim. Pool Operator

Spec. Pool Operator
Sr. Poocl Operator

Still Operator

Jznitor-Handyman

1948-1971
267 Building

The Dow GChemiczl Company

Midland, Michigan

Dates

1953-1962

1959-1%¢62

1954-1659
1963-1971

1848-1971

1948-1971

1985

1957-1962

1957-1963
1960-1963

1954-19871

1950-1971

=08~

Description
Ran methyl

chlorophenoxyacetic zeid
reactors (same equipment
used to produce 2,4,5-T).

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

Ran reaction and
distillation operations in
semi-plant; TCP or 2,4,5-T
contact unlikely.

Same as Class 1 Operator
except lower labor grads.

Probably an error in census
system. HMost likely =2
Class 1 Qperator.

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

Szame as Prim. Pool Operator.
Sams as Prim. Pool Operator.

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

10-15% of time unleading
2,4,5-T acid trzilers,
filled containers in 33%
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
1548-1971
267 Building
The Dow Chemical Company
Midland, Michigan

Job Title Dates Description

Matl. Hd. Check 1952-1959 Assigned to 267 Building,

primarily drove pick-up:
supply delivery; 10% time
in maintenance.

Handyman 1948-1959 Shipper, janitor work,

equipment clean-up,
presumably 267 Building.
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Tzble 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

Orgzanizational Unit
Z2,4=D Production (1950-Present)

Production of 2,4-dichlorophenoxyacetic acid (2,4-D acid) dated back to
1545. The earliest Z,4,5-trichlorocphencxyzcetic acid (2,4,5-T acid) ester
production could have predated 1950 on a2 pilet plant scale; however,
commercizl productions of 2,4,5-T acid in 267 Building began in 1950 and,
therefore, any apprecizble 2,4,5-T acid ester production in 489 Building
would have occurred zfter 1950. Prior te the introduction of the
direct-ester operations in 1966, the product mix in 489 Building wasg
predominantly 2,4-D acid and its ester (less than 10% and probably 3 to 4%
was 2,4,5-T zcid related product).

The direct-ester process was placed in operation in 1966, but it was 1987
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,
the percentage of 2,4,5-T acid related products increased to as much as 30%
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 48% Building would have besn
2,4,-D acid related. Tordon® 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 Description

Superintendent 1966-1979 Generic

Prod. Pl. Supr. 1950-1971 Generie

Production Supr. 1974-1979 Genaric

Assist. Supt. 1966-19¢8 Generic
1969-1974

Prod. Pt. Assist. Supt. 1850 Generic
1957-166¢%

Projt. Supt. 1879 Generie
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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 Dates Deseription
Maint. Supr. 1969 Generic
Projt. Supervisor 1978-1980 Generic
Techn. Supr. 1973 Generic
Prod. Chem. Engr. 1971-1974 Generic
Chem. Engr. 1950-1957 Generic
Prod. Chemist 1975 Generic
Production Engr. 1975 Generic
Prod. Dev. Engr. 1968, 1970 Generic
Tech. Assist. 1971-1973 Generic
General Foreman 1970-1979 Generice
Foreman 1950-1979 Generic
Shift Foreman 1966-1982 Generic
Provsnl. Foreman 1974 Generic
Crew Leader 1951-1975 Generic
Head Operator 1965-1968 Generic
Alternate 1956, 1959, 1966 Generic
{(Alternate Operator)

Spare Op. 1968-1982 Generic
Plant Mechanic 1963-197% Generic
Utility Man Cl. 2 1575 Generic
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Table 10

2,4-Dichlerophencxyacetic Acid Esters, 2,4,5-Trichleorophenoxyacetic
Acid Ester, and 2-(2,4,5-Trichlorophencxy)propionic Acid Ester
"Direct-Ester"” Production Job Titles and Descriptions
1950-1983
489 Building
The Dow Chemical Company
Kidland, Michigan

Job Title Dates Description
Cl. 2 Analyst. Tech. 1953-1979 Lab analyses of entire
(Anl. Tk. Ci. 2) product line; perhaps 30%

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

Operator Anzlyst 1950-1951 Same as Cl. 2 Analyst. Tech,
Cl. 1 Spec. Analyst. 1950-1953 Lab anzalyses entire product
line.
Ci. 1 Spec. Tester 1850-1952 Lab znzlyses entire product
' line.
D.E. Operstor 1967-1979 Operated direct ester

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

Assist. D.E. Operator  1968-1977 Made material transfers,
cleaned filters, operated
auxiliary equipment
{included 2,4,5-T and
Silvex direct esters).

Ester Operator 1950 Made esters by acid ester
process; probably 2,4,5-T
acid ester 3 to 4% of the

time.
Z,AQD Ester Op. 1951—1971 Same as ester operator.
Assist. Ester Op. 1952-1571 Same as ester operator.
DMA Operator 1653-1969 Made water-soluble

formulations of 2,4-D acid;
ran DA (dimethylamine)
reactor; aminization of
2,4,5-T acids.
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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 Dates Deseription
2,4,5-T Ester Op. 1967-1979 Operated direct estar

process & associated
equipment (included
2,4,5-T & Silvex esters

Tordon® Operator 1964-1975 Formulations of picloram;
only one formulation (low
volume) was with 2,4,5-T
acid (597 Building).

Tordon® Ester Op. 1967-1975 Formulation and
filter-cleaning; mostly
2,4-D acid and Tordon
(597 Building).

Tordon® Form. Opr. 1967-1970 Same as Tordon®Ester
Operator.
Set-Up Man 1968-1982 Set up packaging machinery

for drumming entire product
line including 2,4,5-T acid
formulations (blew out
lines, Changed transfer
hoses, sampling).

Machine 0Op. 1976-1978 Probably drummed 1 and S
gallon cans for entire
product line.

Fermulation Oper. 1974-1982 Formulated products
throughout the entire
product line.

Matl. Handler 1968-1982 Filled cans and drums,
entire product line.

Loader—-Checker 1969--1982 Handled material with
fork-lift trucks and filled

drums a small percent of
the time.
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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 Cempany
Midland, Michigan

Job Titls Dates . Description
Drum Filler 1951-196¢% Filled cans and drums;

entire product line.

Clerk-Tank Car Unloader 1950-1981 Hzndled tank cars betweesn
: tank farm and building,
cleaned sparkler filters,
some 2,4,5-T acid involved.

Lorry O-Handyman 1953-1969 Drives forklift trucks and
rossible some maintenance
throughout the plant.

Janiter-Handyman 1950-1653 Cleaned sparkler filters
1962-1982 and handled materials;
possible contact with all
products.
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Table 11

Ronnel (0,0-Dimethyl-0-(2,4,5-trichlorophenyl)-phosphorothiocate)
Production Job Titles and Descriptions
1955-1977
267, 338, B40 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-March 1973

Animal Health May 1973-September 1974

pursban®/Rennel 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 1857. 1In 1963, ronnel was briefly referred to as

Korlan -Zytron and then as Ronnel-Zytron. 1In 1971, Ronnel operators

were assigned to Cyclic Products. For a one-month period in 1972 ronnel was
produced by personnel from the Dursban® plant. 1In 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
pursban®-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 Dates Description

Asst. Supt. 1963 Generic

Chemical Engr. 1963 Generic

Foreman 1963-1%67 Generic

Shift Foreman 1970 Generic (covered multiple
processes.

O-methyl/Ron. Op. 1963-1%70 Operated reaction part of
system (all closed vessels)
(O-methyl

chlorophosphorothicate) and
operated Ronnel process,
some lab work.
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Table 11

Ronnel (0,0-Dimethyl-0-(2,4,5-trichlorophenyl)-phosphorcthicste)
Production Job Titles and Descriptions
1955-1977
267, 338, 840 Buildings
The Dow Chemical Company
Midland, Michigan

Job Title - Dates Description
Zytron Op./Phenate Op. 1964-1967 Made amine esters and

sodium phehate salt of
2,4-dichlorophenoxyacetic
acid; reacting, sampling,
filtering and drumming.

Fhenzte Oper. 1967-1969 Mzde up phenate soclutioens,

‘ ' loaded caustic soda and
2,4,5~trichlorophenol (245
TCP), ran asnalyses of 245

TCP.

Sr. Pool QOper. 1963 Genaric

Cyclic Prpducts (1970 - 1973)

Job Title

Phenate (per. 1870-1972 Made up phenste sclutions,
loaded caustic sods end
2,4,5-trichlorophenol (245
TCP), ran analyses of 245
TCP.

Ronnel Oper. ‘ 1870-1972 Ran ronnel process

Ronnel/Clopidol (1973 -~ 1674)

Job Title Dates Description

Production Superv. 1973-1974 Generic

Tech. Suipervisor 1973 Generic

Asst. Chemist 1974 Generic

Foreman 1973-1974 Generic

Shift Foreman 1673-1974 Generie

Utility Man Cl. 1 1873 Generice

Spare 1973 Genarie
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Table 11

Ronnel (0,0-Dimethyl-0-(2,4,5-trichlorophenyl)}-phosphorothioate
Production Job Titles and Descriptions
1955-1977
267, 338, 840 Buildings
The Dow Chemical Company
Midland, Michigan

Job Title . Dates Description

Clopidol Operator 1973 Mostly worked as a Ronnel
Operator.

Ronnel Oper. 1974 Ran ronnel process.

Asst. Clopidol 1973 Probably same as Ronnel

' Operator.

Handyman 1973 Generic

Dursban®/Ronnel (1974 — 1977)

Job Title Dates Description

Production Engineer 1975 Generic

Asst. Chemist 1975 Generic

Shift Foreman 1975 Generic

Spare 1975-1980 Generic

Alternate 1980 Generic

Utility Man Cl1. 1 1974-1976 Generic

Handyman 1975-1976 Generic

Ronnel Op. 1974-1977 Operated ronnel process.

pursban® Insectcide Op. 1975-1976 Probably operated ronnel
process.
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Tzble 12

Erbon (2-(2,4,5-trichlorophenoxy)-ethyl 2,2-dichloropropionate)
Producticon Job Titles and Descriptions
1955-1974
441 Building
The Dow Chemical Company
Midland, Michigan

Organizational Unit

Emco Ester (1955-1957)

SODTCA (sodium trichlorozcetate)/Erbon Plant (1957-September 1570)
Dow ECR Resins (September 1970-December 1974)

Erbon wes produced from 1955 to 1974 in 441 Building. Production of erbon
ceased by 1975. During its years of production in 441 Building, erbon was =
part of three different organizational units shown zbove with approprizte
detes listed. Erbon production was performed sporadieally, based on product
demands and represented a small fraction of the efforts for z given
erganizational unit. Approximately 30% of an operzator's time was devoted to
erbon production. The remaining time wzs devoted to other operatioens,
namely morpholine production. Secdium trichloroazcetate and electroconductive
(ECR) resins were alsc produced in 441 Building by personnel on the sams
organizational unit lists. Chloromethyl ether was a raw materizl used in
the EGR process. Erbon was handled only in Liquid form.

The size of 441 Building workforce varied from 25 in 1957 teo 40 in 1970.
Howsver, the majority of the operating persconnel would have been zssigned to
sodium trichlorcacetate or ECR resins on 2 full-time basis.

Job Title __Dates Description

Flant Hech. 1955-1974 Generic, erbon exposure,
likely.

Handyman 1955-1974 Generic

Head Op. 1955-1974 Generic (erbon exposure
possible)

Spare Op. 1972-1974 Generie (all processss)

Alternate Cp. 1989-1972 Generic

L. & §. Oper. 1955-19¢£0 Ran Leveronic and styphen

processas on batch basis
(erbon exposure possible).

Reactor and Still Op. 1960-1974 Ran up to six processes,

: including erbon, added
ethylenes oxide sampled and
anlyzed
2,4,5-trichlorophencl, and
filled drums.
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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 Dowicide® antimicrobials operations in 265 Building invoived 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-trichliorophenol (245 TCP). Packaging
and warehouse operations also took place in 265 Building. Operations in 265

building shut down in August 1978,

The Dowlcides 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 pentachlorophencl were manufactured in 265 Building
during 1941. Ortho-phenylphenol and chlorophenyl phenol were also made in

206 Building.

Description

Job_Title Dates
Superintendent 1952-1964 Generic
1873-1980
Assist. Superintendent 1952-1965 Generic
1968-1974
Warehouse Supervisor 19691975 Generic
Chemist 1939 Generic
Chem. Engr. 1942, 1978 Generic
Prod. Engr. 1975-198¢ Generic
Prod. Dev. Engr. 1966 Generic
Environmental Supervisor 1977 Generic
Project Super. 1977-1980 Generic
Prod. Supervisor 1974-13980 Generic
Main. Supervisor 1974 Generic
Tech. Supervisor 1973 Generic
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Table 13
Production Job Titles and Description for Dowicide®
1935-1980
265, 206, & 34¢% Buildings
The Dow Chemical Company
Midlend, Michigan

Job Title Dates Description

Generzl Foreman 1972-1977 Generic

Foraman 1945-1980 Generic

Prorsnl Foreman 1971 Generice

Subforaman 1835-1946 _Generic

Shift Foreman 1971-1980 Generic

Crew Leader 1947-1967 Generic

Alternate 1956-1572 Generic

Kead Oper. 19385, Generic

1946-1974&
Spare Oper. 1951-165¢ Generic
1867-198¢

Utilityman 1548-1958 Generic

Utilityman Class 1 1972-197¢ Generice

Utilityman Class 2 1858-1972 Generic (10-15% of time
sampling, rest meintenance
throughout the building).

Sr. Prod. Clerk 1970-1975 Clerical work; some
sampling and analysis
(small % of time on 245 TCP
and PCF).

Sr. Clerk 1946-1959, Same as Sr. Prod. Clerk.

‘ 1667

Shipper Handyman 1960-1962 Made up special orders of
products, maintsined
clerical records.

Packer and Shipping Clerk 1944 Clerical work and shipping;
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Table 13

Production Job Titles and Descriptions for Dowicide®

1935-1980

265, 206, & 349 Buildings
The Dow Chemical Company

Midland, Michigan

Job Title Dates
Chlorinator Operator 1943-1979
{1st Chlorinator 0p.) 1947
{(2nd Chlorinator Op.) 1947-1975
Assistant Op. 1941,
1943-194¢
Operator 1935-1942
Class 2 Operator 1943, 1945
Operator Helper 1935-1942
Relief Man 1942
Flake Bed Drier Operator 1963-197%
Blender-Flaker Operator 1965-1975
Finishing Operator 1975-1980
Dow Dry erator 1943-1973
(Dowicide® Drier Oper.)
(Drier Op.)
Dowicide® Operator 1942,
1978-1980
Still Operator 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-1lift 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 TCP.



Table 13
Production Job Titles and Descriptions for Dowicide®
1935-1980
265, 206, & 349 Buildings
The Dow Chemical Company
Midland, Michigan

-10%-

Job Title Dates Description

Flaker Miller 1947-1948, Ran flakers and hammer

(Miller Flaker 0Op.) 1851-195¢6, mills; potential exposure to

1960-1975 all Dowicide® materials.

Flaker Cperator 1643-1951 kan flakers; potential
exposure to all
Dowicide® materials.

Mill. Flake, Operator 1956-1960 Frobably ran hammer milil

PE Tet 28 Gr for PCP, TetCP, and 245 TCP.

Mill. Flake Op. 1956-1960 Probably ran hammer mill for

£ I II Grinder ortho~phenylphenol.

Priller Operator 1972-1%975 Operated prillers for PCP,
high potential for exposure
to PCP but wore a
respirator during bagging
operations.

Miller 1945-1948 Operzted hammer mill to

Shift Miller 1966 break up products; cleansd

‘ mill; potentizl exposure to
all Dowicides
antimicrobials.

Handyman 1945-1950 As of more recent period

1974-1980C drunmed 245 TCP part of
time; loaded dumpsters,
unplugged lines; high
potential exposure to
dioxins.

Janitor-Handyman 1962-1973 Janiter work tended to be
in nonproduction areas;
handyman could have besn
involved in maintenance
work within plant.

Head Packer 1942-1960 Head packer spent

Head Packer and Inspector 1637-1940 less time doing actual

packazing 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 Dates Description

Shift Packer 1959-1972 Loaded fiber packs;

Packer : 1939-1974 potential exposure to all
Packer Helper 1939-1943 Dowicide® materials.

Pel. Mil. S. Pk. 1956-1960 Ran pelletizer and packaged

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

Warehouseman 1975-197¢% 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.
Janitor 1936-1959 Cleaned up, could have
worked in warehouse area.
Master Clerk 1959-1979 Clerical work; no material
handling.
Shipping Clerk 1943-1947 All clerical work.
Assistant Shipping Clerk 1942 All clerical work.
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Table 13
Production Job Titles and Descriptions for Dowicide®
1935-1980
265, 206, & 349 Buildings
The Dow Chemical Company
Midland, Michigan

Pentachlorophenol (1978 - 1380)
This department was previcusly called Dowicides - the name was changed in
1978. Pentachlorophenol production ceased in December 1980

Job Title Dates Description
Superintendent 1¢78-80 Generic

Production Supsarviscr 1978-80 Generic

Foreman 1978-80 Generice

Shift Foremzn 1978-80 Generic

Chemical Engineer _ 1978-79 Generic

Froduction Engineer 1878-80 Generic

Utilityman C1 1 1978 Generice

Spare 1878-80 Generic

Chlorinator Operator 1978 Operated chlorinator,

unplugs lines, operates

scrubber (Penta TCP asg a
mincer contaminent only);
lab sampling.

Finishing Operator 1978-80 Operated penta finishing
‘ {block casting).

Dowicides Operator 1e78-80 Operated batch continuous
chlorinators and stills
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Table 13
Production Job Titles and Descriptions for Dowicide®
1935-~-1980
265, 206, & 349 Buildings
The Dow Chemical Company
Midland, Michigan

Job Title Dates Description
Handyman . 1978-80 As of more recent period

drummed TCP part of time:
loaded dumpsters, unplugged
lines; high potential
exposure to dioxins.

wWarehouse Operator 1980 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.
Pentachlorophenol Operator 1980 Operated penta finishing
(block casting).
Project Manager 1980 Generic
Sr. Operations Foreman 1980 Generic
Operations Foreman 1980 Generic
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Table 14

Pentachlorophenol Production
Job Titles and Description
1947-19¢66
466 Building
The Dow Chemiczal Company
Midland, Michigan

Organizational Unit
Pentachlorophenol (1947-1963)
Benax® surfactant (1963-1966)

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 szalol and DowEax® (dodecyl diphenyl oxide
disulfonate) production. In addition, a2 number of lesser products were
produced including for 2 short period of time (approximately 1951 - 1958)
zinc trichlorcphenate. Except for the special analyst, class 1 who spent up
to 40% of his time analyzing zinc trichlorophesnate, the jobs associated with
zinc trichlorophenate process asre known only through presumption. It is
provable that the rotary drier fluid operator znd 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 1951-19¢5 Generic

Plant Superintendent 1965 Generic

Assistant Supr. 1949-1857, Generice

1966

Chemist 1852 Generic

Prod. Deﬁ; Engr. 1965-196¢ Generic

Foreman 1947-1966 Generic

Subforeman 1951-19862 Generie

Shipper 1853-1966 Handled packages of PCP as

they wsre shipped.
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Job Title

Special Anal.

Anal. Cl. 1

Handyman

cl.

Janitor-Handyman

Head Operator

Chlor. Op.

Assist. Chlor.

Flaker Oper.

op.

(Micronizer Op.)

Rot. Dri. Fl.

op.

Fl. Bed Drier Op.

Grinder-Blender Op.

Table 14

Dates

1956

1955

1948
19561965
1950-1966

1951

19511953,
1956-1958,
1960-1966

1950-1951

1947-1961

1953,
1955-1956

1960-1963

1951-1958
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Pentachlorophenol Production
Job Titles and Description
1947-1966

466 Building

The Dow Chemical Company

Midland, Michigan

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 flaked PCP
received from 265 Building.

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

Operated fluid bed driers
presumably for NaPCP,

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



Job Title
Miller

Mill and Blender Op.

Contain. Fill.

(Containr.

Fzk Filler

FLR)

Table 14

Pentachlorephenol Production
Job Titles and Description
1947-196% '
466 Building
The Dow Chemical Company
Midland, Michigan

Dates Description
1947 Operated mills & blenders
presumably handled PCP
1948-1963 Cperated mills and blenders,
presumsbly handled PCP.
1951 Filled containers,
1956-1958 presumably handled PCP.
1952 Presumzbly filled packs
1956-1958 with PCP and NaPCP.
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APPENDIK C

Dow Process Flow Diagrams
Figures 11 through 21

The Dow Chemical Company
Midland, Michigan
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Figure 41

Zz,4,5-Trichlorophenol Block Flow Diagram
1946-1966 (195 Building)
The Dow Chemical Company
Midland, Michigan
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Figure 12

2,4,5~Trichlorophenol Neutralizatien,
Flaking and Distillation Block Flow Diagram

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

Midland, Michigan
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2,4,5-Trichlorophenel Block Flow Diagram
804 Building, 1966-197%
The Dow Chemical Company
Midland, Michigan

Figure 13
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Figure 14

2,4,5-Trichlorophenoxyacetic Acid and Acid

Ester Block Flow Diagram

267 Building, 1§550=1971
The Dow Chemical Company, Midland, Michigan

Raw Materials Storage
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Figure 153

Silvex Acid and Acid Ester Block Flow Dizgram
267 Building, 1958-1971
The Dow Chemical Company
tidland, Michigan

Raw Materizl Storage

Irichloro- Sodium 2- ,
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Figure 16

2.4,5-Trachlorophenoxyaceric Acid Direct Estar
Block Flow Diagram, 1567-1979, 489 Buyiiding

The Dow Chemical Company

Midland, Michigan

Raw Material Storage
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Figure 17

Silvex Direct Ester Block Flow Diagram

1972-1978, 489 Building
The Dow Chemical Company
Midland, Michigan
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Figure 18

Formulation and Packaging Processes for Phenoxy

Herbicides Block Flow Diagram
489 Building, 1950-1583
The Dow Chemical Company

Midland, Michigan

Raw Material Storage
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2,4=D = 2,4-Dichlorophenoxyacetic Acid
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MCPA = 2-Methyl-4-chlorophenoxyacetic Acid
Anine = Dipethyl amine or Ethanolamine or Isopropanolamine for 2,4-D

Triethylamine for 2,4,5-T
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Figure 19

Ronnel Block Flow Diagram
1955-57: 267 Bldg., 1958-72: 338 Bldg., 1973-77: 840 Bldg.
The Dow Chemical Company
Midland, Michigan
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Figure 20

Erbon Block Flow Diagram

441, 649 Building

1955-1974

The Dow Chemical Company

Midland, Michigan
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Figure 21
Pentachlorophencl Elock Flow Diagram
1937-12980
265, 349, 466 Buildings
The Dow Chemical Company
Midland, Michigan
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Appendix D

Dow Anzlytical Msthod Abstracts
Abstracts 1 through 46

The Dow Chemical Company
Midland, Michigan
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ANALYSTS METHOD BUMEEE 1

METHOD MLlF. 64,18

DATE 7 April 1665

PURPOSE The determination of compounds capable of causing chloracne
in 2,4,5-Trichlorophenol process samples by gas-liquid chromatography

DESCRIPTION Determination of 2378 TCDD; 1378 TCDD; and the sum of
232-trichloro-ﬁ;methoxv—dibenzo—p-dioxin and 22744
S.pantachlere-S-mathoxydiphaonyloxnida in 245 TIZF procoszs sarsles,
Tao ecczpounds ary saparated by z=aang of GLC with flama {enizatien
datastien. Concantration levsls ¢f 10 p3m £C % amounts may ba
datarmingd by thig prosadurs with and assursey of +/- 10%.

ANALYSIS MZTHOR BUMEEE 2

WETHOD No. 8747

DATE 31 July 1875

PURPOSE Detormination of 245 TCP an& 2378 ICDD in 285 TC2

DESCRIPTION Procedurs applicable te tho asszay of 245 TP in the rangs of 85
to 100% and deotarminstion of 2378 TCDD cencentrations azseciatad
with 2485 TCF. Thao a=s53y ig obtaimad by tha additicn of Zas
trichlorophanel ag an inzernal standard and analysisz Dy QLS with
tharaal conductivity datactign. Tha 2378 TCDD econcanigations ara
detarmingd By 2 bonzana exiracsticon of an aguaocus c¢auatic ssluticn
of 228 ICP and examinaticn ¢f tha extrast by GL-M3. TCLD ,
rosevarioes ara 108 +/- 0% by this procecurs with 3 pracisisn of
+/= 20%. Tao limit of dotasction i 6.01 to 0.02 ppm (definad as
2.5 timas tho neiso leovael).

ANALYSIS METHOD SUWRER 3

EZTHED MLY.63.10

DATE 7 July 13988

FURPO3E Dezarminaticn of 2378 TCLD in 245 ICZ7 “Gas Chrematezraphic Mathod~™

DESCRIFIION PFrocadura applicable to tha dotar=inaticn of 2378 TCID in 248

ICF. 7Tha 2378 TCDD conconirsaticng ave dsiarminad by a chlorasform
extracticen of an agquasus caustic golutien of 245 ICP and
sxaminaticon of tha exiracht by GLO with flaza ionizapicn
dotestion. TCOD receveriaz ars 90 to 103R for samples praparad
at concantrationg of 1 o0 § g2, Toa accurasy of this mathod is
+/= 5T with a lownr deteztion limit of C.S5 ppm.
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METICD
DATE

PURPOSE:

DESCRIPTION

ANALYSIS METHOD NUMBER 4
ML~AM=71=48
24 September 1371

Deterainstion of 2378 TCDD iz 245 =-Trichlorephencxyscetic acid
and related materials.

Procedurs spplicable to the detarnination of 2378 TCDD and otcher
related chlorinaced matarials {n 245-T Acid; 24«D acid and
ralated scidic snd phenolic materials azd estars of thess acids
(265 TCP; tatrachlorophsool; pentachlorophencl; and estars of
these acids). The 2378 TCDD {s sepatraced from the sample macrix
by an orgatic sclvent axtraction {baznzeune or hexazne) of an
squeous caustic sclution of the sample or by silica gel column
chromacography of non=ionizable samples such as estars. The
tesulting tesidue is concentrited and a portion examined by
GC-MS. TCDD receveries shouid be 100Z +/= 15X in spiked samples
ovey a range of 0.1 ppm to ovar 5 ppm. The precisicn of ghis
procedure for duplicate samples should ba +/- 15X,

© METEOD
"DATE

PURFOSE
DESCRIPTION

ANALYSIS METEOD NUMBER 5

ML-AM-72-37
2% June 1972

Detarzination of 2378 TCDD ia 245 ICP

Procedure applicable to the determization of 2378 TCDD in 245
ICP. The 2378 TCDD is separated from the sample matrix by an
organic solvent extraction (beazece) of an squeous caustic
solucion of the sample. The resulting residue is comcencrited
acd a portion examined by GC-MS. TCDD ragoveries in spiked
samples over a range of 0.05 pgm to over 1 ppm should be 1002 +/-
152. By this procedure with a preciston of duplicate samples of
+/= 15%. The lower limit of deteeiicn is 0.05 ppw.
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METEOD
DATE

FURPOSE

DESCRIPTION

AFALISIS METHOD FUHEER &

ML-AM=73~45
14 Jume 1973

Determination of chlerinataed dibemzo=pwdiexic purified PLP t¥
liquid chromatography

A licable to the determimation of Hexachlorodibenzo-p-dioxin

(g D) 4o tha range of 0.5 to 10 pp= and octachloreditanze=p-
dicziz (OCDD) 4n tha ranga of 5 te &0 pr2 iz purified BZT
prasezvative. Tha ETDD and OCDD ara sepavated frem tha sample
marziz by a solvaztr exrrusticm {tenzzze) of am aguecus caustis
sazple soluticn followad by lenm exckangs saparaticn and raszidua
concentration. A poriion of the cozoantzated extTact is examizsd
b7 reverse=phass partitiecn liquid ehremategraphy with ultrzviclas
dgtecticn. ECDD and OCDD racovarias ef spiksd purified PBCT
sazples waz 93 to 1042, Tae results for a single determizatisr
ot a given sapple should be ecevrare within 4/- 202 relativa
arvor. The ilnstrumest response was calibrared using extarmal
standardse.

METERD
DATE

PURPPSE

DESCRIPTION

AVALTSIS METEOD NUEER 7

ML=kH=73=53
24 Ssptemdsr 1973

Determinaticon of chlerinazed dibtenzo=p=dioxins in purified scdium
galt ¢f FCP by liquid chromategrarhy

Applicable for tha determimazicen of ECRD in thes racse of 0.5 ta
10 prm azd OCDD iz the range of 5 to 60 ppm ia the sodium salr of
PCF¥ antimicrcbial. Tne ECDD acd OCDD  are separated frem the
sample matrix by a sclvant exizsctisz (bBemzame) of 2 agquecus
caustic sampla scluzicn followad by ion exchamse saparatioz a=d
residug econeentratiom. A porticn of the conceansrsTesd ewsrast i
exzzined by raversse—phase pariiticn liquid chremarograghy with
ultravioles dezection, ECDD aznd OLDD resovaries of spiked sodivm
salt of PCP samples wag €4 t35 1032. The rasulrz for a simsle
detarmination ez a given sazple should ba accuraze withiz +/- 202
ralative erzoz. Toa ipstrumant respomse was calibrazed using
exsernal standazds.
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METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 8
ML-AM-73-76 '
14 December 1973

Determination of HCDD and OCDD in Dowicide G-ST Brand of purified
sodium salt of PCP by GC-MS.

Applicable to the determination of HCDD and OCDD at the ppm level
in Dowicide G-ST Brand of purified NA PCP. A sample of Dowicide
G-ST Brand of purified NA PCP is dissolved in 1:1
benzene/methanol (V/V) and is transferred to an ion exchange
column where the HCDD and OCDD are separated from the sample
matrix. The column eluent is concentration and a portion of this
concentrate is evaluated by GC-MS. The recovery for HCDD and
OCDD in spiked samples is 90% +/- 30% by this procedure with a
precision of +/- 10% for duplicate samples.

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 9

ML-AM-74-40
8 November 1974

Determination of 2378 TCDD in
0,0-Dimethyl-0-(2,4,5-trichlorophenyl)Phosphorothicate (Ronnel).

Applicable to the determination of 2378 TCDD in
0,0-Dimethyl-0-(2,4,5-trichlorophenyl)Phosphorothioate. An
appropriate sample (5 grams of material slurried with 15 ml of
20% benzene in hexane) is put through a clean-up procedure
(silica gel and alumina columns) to separate the 2378 TCDD from
the sample matrix. The final ¢leanup eluent is concentrated and
a portion of this concentrate is evaluated by GC-MS. The
recovery for spiked samples is 90 to 95% by this procedure with a
precision of +/- 20% for duplicate samples. The limit of
detection using this method is 5 to 10 ppb. The instrument
response was calibrated using external standards.

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 10

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. Procedures are given for
the determination 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
s portion of the final residue is examined by GC-MS. The
precision of this procedure is within 20% of the amount present
and a detection limit of 0.0l ppm.
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METHQD
DATE

PURPOSE

DESCRIFTION

AMALYSIS METHOD MUMEER 11

No. 90110a
17 Septexmbar 1674

Detarminaticn of 2372 TCDD in wasd and brush killer formulatiensz
of tho triethylamine 63lf of 2,4,5 trichlorsphenoxysestic acid.

Applicable to the analysis of the weed and brush killer which are
a formulation of the -triethylamine salt of 245-T acid. Procedures
ara givan for the detarmination of 243-7 acid equivalsnz by
extyaction with maithyl iscbutyl ketonz and apparant spazific
gravity at 20 DEG €. From thass dats tha concontration of tha
astive inzgrodient (triethiylamina zalt of 245-T azid); inart
ingredienczs and tho pounds of 245-T acid equivalent par gallen
ara calzulazed. Alsc a procadure is given for the datarminzzicn
ef 2378 TCDD. Tao 2378 TTDD ie ssparated frem tha sample =azrix
by silica gel ecsluxn chromatography. 7Thae elusnt is concamtratad
and 3 periicn of the final rasidus ig sxazinad by GL-%3. Tha2
pracisicn ef this preécedura iz within 20R of tha amoun: prasant,
datection li=mit Q.01 ppa=.

¥ETHDD
DATZ

PURFOSE

DESCRIPTIOH

ANALYSIS METH0D MUEEER 12

ML-AM-75-34
20 May 19753

Detarmination of 2378 TCOD inm 225-7 scid and relatad matarials

Arplicable to the dotarnination of 4578 TCED and othar ralatad
chiorinzred materials in 245-T acid and alsc 2,4-D; and related zcid!
and phenolic materials and esters of these acids., The 2378 TCDD (and
ralatod cozpounds) ars saparatad frzzm tha sampls matrix by: 1)

the extraciicn ef an agusous causiie solution of chlorinatad
rhensls, 2) or by ion exehanze chrezatozrazhy of chlorinatad
phensxyasatic acids in 1:1 benzenasmathanel (v/v), 3) er by

gilica gel column chremategraphy of non-ionizable samplez such as
estars in 202 banzenz in haxans. Tha residues from thaza

saparation tashnigues ara ecomeaniyatsd and a2 perticn ef tha
cencentrata evaluated by GR-MS. tha pracisicn of this procadurs

fer duplicata sameles is +/- 2C%. Taz lower limid of doiacticn

is ©.01 t2 0.02 pEzm.
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METECD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NIMBER 12

ML-AL-75-01028
14 August 197%

Determination of 2378 TCOD in propylene glycol butyl ather ester

of 245-T acid.

Applicable to the determination of 2378 ICDD iz propylens glycol
butyl ether astar of 245-T acid. A sample of the ester of 245-T
is dissolved in haxans and transferred to & silica gel column
where the 2378 TCDD is separated from the sampla matrix. The
colunn eluace is concantrated and a portion of the concantrats
evaluated by GC-MS. The precision of this procedure is +/- 202
of the amount present. The lowar limit of detecticez was 0.0l ppm
(defined as 2.5 times the noise lavel).

METROD
DATE

PURFPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 14

ML=AL=-76=00943
23 July 1976

Detarmipation of 2378 TCDD i{n 0,0-Dimethyl=-o-245-trichlorophenyl
phosphorochiocats (facchlorphos=common name) (Ronnel).

Applicadle to the determiamsrion of 2378 TCDD in fenchlorophes.
The 2378 TCDD is separated froo the sample matrix by silica gel
and alumina celumn chrosatography. The finmal column eluata is
concentrated acd a porticu of the concentrate Lis evaluated by
GC-MS., The precision of this procedure is +/=- 20% of the amount
present. The lover limit of detaction is 0.01 ppm.

METHCD
DATE

FLaZ0SE
DESCRIPTION

ANALYSIS METEOD NUMBER 13

ML-AL-77-02453A
14 December 1577

Detemmination of 2378 ICDD ip 245~Trichlorcpherol

Applicable to tha determinstion ef 2378 TCDD ia 245=1CP. Tha
2378 ICID is separaced froc the sample macrix by az organic
solvent (hexane) extractior of an aqueous caustic soluticn of
265=TCP followed by basic alumina columsn chromagzography of the
eztract. The aluming column eluate is comcentrated and portion
of the concentrate is evaluated by GC-#MS. The lower limit of
detection i{s 0.6 to 1 ppb (defined as 2.5 times the noise level).
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ANMALTSIS METEQD WGMBER 16

METEOD MIW.£65.11

DATE 22 Juoe 19635

TURPOSE Dezerzimation of 2378 ICID in 243~T Acid By GLC

PESCRIETION Applicable to the determimaticn ef 2378 TCOD i 245-T acid. The
2378 TCID 12 szparated froz the sample parriz by means of an
exzraction with ehlorsform. The chlorsforn exzzact is
consenctrazed gund a perrien of it is evaluaged b7 GLC with flaza
lemization detaestion. tha acssuras? of tals mathed Ls +/= ST
ealative; with & lower dezosticn limis of 0.03 pra.

ANALYSIS METSOD RBEER 17

FETHOD HL=-aM=73=-5¢

DATE 5 Seprember 1573

FUAFPOSE Detarninatien of BLTD azd CEID iz purified BLP by GC-HS

DESCRTPTIION Agpplicable to the determimaticn of ECDD and 0CDD iz purifiad BCF,
tha ECOD axd CCDD _ ara saparated frem the sazple gatrixz b7 ioo
ezzhange ehromatography of a solution ef purdfied PFCP Ln 1:1
beazera/sechazel (v/v). The elusar L{s comcearrated amd a porsica
of thz gomesmrrate {s gmalyzad by GL-MI. T2 pracisice of this
procedure for duplicate samrplas is +/= 102 with ressveries of
ECSD and OCDD iz spiked gamples of 902 </~ 301,

ABALTSIS HETHOD NEHEIE 18

METEOD ML-AL-75-004649

DATE 17 Marzch 1973

PURFOSE Determination of 2378 TCTD {a 245-ICF

DESCRIPTION Agplicable 2o the determicarion of 2378 ICID ip 245~TTF. Taz

2378 ILTT is separated frem the sazyle malriz by tha exzractien
of azn aguesus caustic soluticn of 243~TCF wizh Baazzzme. A
porzics of this extrast is thep evaluazaed by GL-HMS., The
pracisica of tiis prsceduzre is +/- Z0RX with receveries of apiked
saxples of 1082 +/- 20R. 7The limiz of detecticz is (.01 42 0.G2
pr= (dafizad as 2.5 timas tha poise lewzl),
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METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 19

ML-AL-87-064
7 November 1974

Determination of 2378 TCDD in Reonnel

This analytical method describes experiments used to determine
which clean-up steps of method ML-AM-73-97 could be eliminated to
achieve a 2378 TCDD 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
TCDD at 0.005 ppm with a much shorter preparation time than that
given in method ML-AM-73-97.

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 20

M[-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
TCDD is separated from the complex sample matrix by putting an
appropriate sample through a cleanup procedure designated to
eliminate intercfering 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
2378 TCOD in epiked samples varied from 0% to 140%. The limit of
detection varied from 6 to 9 PPT (defined as 2.5 times the noise
level).

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 21

No. 87575D
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 TCDD 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 20% of the
amount present and a detection limit of 0.0l ppm.
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METEOD
DATE

PURFOSE

DESCRIPTLON

ANALYSIS METECD NRBER 22

No. 87621%B

. 18 August 1977

Detarmicasioz ef 2378 ICDD ia 245-T acid ard butoxy prepyl
asters. &s3ay of 245-T7 acid and butoxy propyl estars.

Applicable te the amalyais ef 245-7 acid; Putexy proppl estars.

Procedures are given for the determination of the acid esuivalent
a3 2457 acid and fyao acidity. The assay is calculated Frazm tha
ecid eguivalent. Alse a proczdura is givan for the detarmimaticr
of 2378 TCDD. The 2378 TCDD is separated from the sample matrrix

by silica gel column chromatocgravhy. The eluate is concentrated
and a porticz of the f£ipal ragidue’ls exzmimed by GL-MS. Tha

precisicn eof this procedura is withiz 20Z of the amoun? prasazt
and a1 dateciicn limit of 0.01 pre.

METECOD
DAT:

PURFGQSE

DESLRIFPTICH

ANALTSIS METHOD WOHIIR 23

MI-AL-30-£83
29 Bovembar 1971

Dezarzizmarion ef chlorimared ditemzo—p-diozing armd chlorimated
dikenze~furazs in chiorizazed phancie,

Deterninaticn of chlotinmated dibtemzo~p-dicxin ard ditemze-furans
ir varicus chlezinazed phenclic matarials {e; (pamzachloroplaznci;
diszilled pentachlorephapel; distilled tetrachlorsphazmol; scdium
pentachiorephanate; 2346 tetrachicrzophamel; 246
triexlcrophenel)., The dioxips and furana are separazed from the
sawple matriz by tha following tachmiquas. 1) dissclutican of
acidic marerlals i agqueocus caustie followad by extraction with
bemz2enz2 o7 baxana. 2) sorptiom of goidic componemis omts aalen

exchange rasiz with eluzico eof chloripazed dicxims/furams. 3)

serpzion of polar compomencs (estarz e2g.) onio sillea gal with
eluzicn ef chlcrimacsed diozias/fuzazns. Thae resulting sclveze
contalaing the residuz are comcestratad and thez azalyzad by gss
chrepazogzaphy—mass apactrvaetyy. Degecgtion sazsitivity of abour
1 ppb iz the sazple has Besn askhisvad by this precedura.
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METEOD
DATE

PURPOSE
DESCRIPTION

ANALYSIS METAOD NUMBER 24

ML-AM 75=3
22 Novembar 1974

Determination of compounds in purified pentachlorophensl

‘Detarminacion of PCP; the tetrachlorophenols; BCDD;. OCDD: in

purified PCP prasarvacive. The phevpolic coastituents aras

detarmivad by amalysis of a sample dissolved in merhylece

chloride with GC with flame ionization detection using an

internal standard technique. Data obtained by this procedure
indicate a standard deviation of 0.23% for PCP; and 0.18%

for tetrachlorophenols. Values obtained for PCP vary from the
average by +/« 0.5% & +/- 0.4X for tetrachlorophenols st the 952
confidence level. The RCOD and OCDD-3-#rc separated from the sample
matrix by the extracticn of an alkaline solution with benzene, the

exrract 13 cleansd up by i{on exchenge chromstography ind
coucantrated. The extract is {njectad into & ligquid
chromatograph and the dioxins separated by reversa=phase
partition cbromacography vith UV detection. HCDD can be
decarmiced {2 tha range of 0.5 2o 10 ppz; and OCID {in the range
ef S to 80 ppm in purified PCP, recoverias from 93 to 104X vare
cbtained from spikad saaples with an sccursey of +/- 202 relative
errer for a siugls datermization.

METBOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 25

ML-AL 67-210
24 April 1973

Dectermication of chlorinated dibenzo=p~dioxins in purified PCP by
liquid chromatography.

Determization bexachlorodibdedzo-p=dioxzin (BCDD); and
octachlorobenzo—-p~dioxin (OCDD) Lo puyrified PCP. The ECDD's and
OCDD  arte sepavated from the sample matrix by the extraction of
an alkalipe aqueous sclution with beoczene. The extract {s clssned
sp by ion exchange chromatography aad concentrated. The
cencentrated extract is injectad iz a liquid chrematograph and
the dicxzios are separaced by raverse-phsss partition
chromatography with ultraviolec detection. Recoveries from 93 to
104X vere obtaiced from spikad samples wvith.am sccuracy of +/-
20% relative error for a single determimation. Seasitivity at
the 0.5 prm level vas achieved for both dioxizs.
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ANALYSIS METHOD ¥WORBER 26

¥ETEQCD HL-A1 73-Q1585

DATE 18 Decembar 1872

PURFOSE Gas chromarographic separation of hexachlcrodibenzo-p—dioxin
isem223

DESCRIPTION A progaduyre for the gas chromatographic deparaticz of wvarious
i1som2rs of bazachlcreditsczo-p-diczin; and the preparasicn ef
topded chremazegraphie packdngs mazerials. The gas '
ehromaregrazhie saparazicoz and Ilame fomizsticon derattion
perzitted the zzsigmmasz of sryustura Bazed om recemticz time,
Tha fgomars which vere investigated stzoegly sugges: an eiurion
ezder decerzizad by hydrogam-bonding,

ANALTSIS METECD FO3IE 27

METECD ML-AT 7600768

DATE 31 May 1576

PURPUSE Dieziz amaiytical studies; {mprovad selectivity for automared

‘ dieziz separazion and colleciiozn syatam.

DESCERIPTION Procedura describes the evparizeats and rvesults usad to improve
the sample clean up procedure for usa on tha automated diexin
saparazicn and coliection s7stem. The modificarierms will gllew
tha determimation of 2378 ICTLD a= tha 8 ppbd level. Savarzl ozher
tackniques for achieving lmcroased TCILD deracticz via avtomszaid
proczduras are discussed a3 poasitle future direstion.

AMALYSIS KETEOD KUMEIR 28

EETEDD ¥L-AL 27-633

DATE 7 April 1871

PURPOSE Tezal amalysis of pentachlorapiencl = Batch 9822 amd 9931

DESCRIPTICH This analyriezl mezbed desczives a procedurze for tha

determimation ef 2378 TUDD aud ECUT it pamtachlersphezcl. Tha
dioxins a7z sszparated f71om the fample matrix by passing 2
sclution of paztachicorcphenel throush & lem~ozckanzn reszin
eclumn; the rosidun is comsaprzratad and injeczed once a
liguid=licuid (revarsa~phase) chromategzaphic golumn, Mulsirle
fracticns from the columa ara ecliested amd commentrated. A&
portion of the copsoprvared fractions are imjecied omiz a gas
chrematesrarh utilizing elsectzaz ecaptuze detesiicz for
prasuzezaent ef diexina,
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ANALTSIS METHROD NUMBER 29

MEIBOD ML-AL 87-453
DATE 7 November 1974
PORPOSE .Determination of 2378 Tetrachlorodibenza-p~dioxin in

2-(265-trichlorcphencxy) propeionic acid; prepyleze glycol (CBEGO
to CY9H1B03) buryl ether esters. A herbicide.

DESCRIPTION Procedure for the detarmiznation of 2378 TCDD in a herbicide. The
2378 ICID is separated from the sample matrix buy uysing a silica
gel coluen cleanup sctep followed by sample concemtratiom. A
porticn of the sample concentrate i{s evaluated by gas
chromatography=mass spectrometry. TCID recoveries wvere 91%
+/=20%. Tha detection limic wvas 0.0l pre (defined as 2.5 times
the noise level),

ANALYSIS METHOD NUMBER 30

HETHOD ML-AL 81-176
DATE 1 July 1974
PURFOSE The examination of 245-trichlorophencl and esters of

245-trichlorophenoxyacetic acid for elorinated dibenzo-p-dicxin.

DESCRIPTION A procedure for the datsrmaination of chlorinaced dibenzo~-p-dioxin
(27—d1:hlora-;tr1=hlata—;2375-:ltracblo:o-;p-ntxchloro-;
hexachloro—:heptachloro-; and octachloro-dioxia) ia
245~trichlorophenol and esters of 245-trichlorophepnoxyacetic acid
(245-T). The dioxins are separated from the 245-T esters by using
s silica gel column cleanup step folloved by sample concentraticon
and gas chromatqgraphy-mess spectrometry evajuetion. The dioxins
are saparated from the 2¢45-¢richlorophenol by the solveat
(benzece) exzraction of a3 aquecus caustic sclutioca of the sample
folloved by the entire procedure previously described for the
235-T esters.

ANALYSIS METHOD NUMBER 31

METROD ML-AL-87=442
DATE 5 Noveaber 1974
PORPOSE Detesraination of 2378-terrachliorcdibenzo~p=dioxin {n brush killer

herbicide (contains esters of butyl ethers of propylene glycol
acd polypropylana glyccls with 24{=dichlerophenoxyacetic acid sad
. 245-trichlorophenoxyacetic acid).

DESCRIPTION Procedure for the determipation of 2378 TCDD ia brush killer.
The 2378 TCDD is separated from the sample matTix by using z
silica gel column cleanup step followed by sample conceatratios.

A portion of the sample concentrate is evaluated by gss
chromatography-mass spectrometry. ICDD recovaries Ware 932

+/=20%2. The detection limit was 0.0l ppz (defined as 2.5 times
tha noise level).
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METEQD
DATE

BCRPUSE

DESCRITTION

ANALYSIS METECD WIMRER 32

Mi=AL 87564
14 Neovembar 1974

Deterninatien of 2378 cegractlorcdidanze-p=dicmia in brush dllsr
Tl

Precedure for the detaTaiamation of 2378 ICID iz bruah killsr 1.
The 2378 TCOLD is separated froz tha sazple marTix by usisg a
silfca gel eclumz clexrmup follewed by samPle concemtratioz. A
porzicz ef ths sample conceasrata is evaiuated by gas
chrozategraphy-mass spestTomesry. TCDD Tesgverias ware E&R
+/=202. Toe detecdicn limit was 0.01 ppm (dedimzd as 2.5 timas
th2 moise leval), :

HETEGD
DATE

FURPOSE

DESCRIFTION

AMALYSIS HWETHQOD RUMEIE 33

ML-AL=87=563
14 KRovamkar 1873

Detarmnimatien of 2378 terrzchlicrzdibenzo-]-digxin in brush and
weed 'kilier, (Azn ezulsifizble soluticn contaipins a mimturz of
the butyl esters ef propplere and polypropplena glycel asz gz
ester of 14%-s7ichiorophazoxyacesic acid).

A procedure for the detesminmatioz of 2378 ICDD im brush and vaad
killer. Thz 2378 ICOD is separated frem the sazple matyix by
usicgz 2 silica gel coliumn eleanup step followad by sampls
couzentration. A poriiez= of thr sample conzentrate is evaluated
by gas chromategraphy-miss spesiromasTy. 1CMD recovarizz ware
917 +/-20%. Tha deteztion limir was 0.0l ppn (definad as 2.5
<imes the nolse lewal),

HETESD
DATE

PURPOEE

DESCRIFIION

ANALTSIS YETSOD NUHEER 34

Mi~AL 87-586
21 Newvazmber 1574

Daterainaczicn of 2378 Tetrschloroditamze-p=dicxziz im brush and
waed killer ecnsentrate. (conmcontrata of an exulsifiadls golurion
conzainins 2 mixzura of the buiyl esters of propwlaze and
polyprep?liean glyzsol as az estazr of 245-T acid).

Deterzination of 2378 ICDD 4o bruah and weed killer concazzraze.
Ths 2378 TCDD i3 saparated from ghe sazple matTTix by using 2

.siliea gel columm cleasup step fellewsd by sample comcamsratien.

& portion of thz sam=ple eczzomtrazo s evaluzted by gas
chromatesrapby-wiss spectromesry. TCDD rasoveries ware €03

+/- 20%. The detection limit was 0.01 ppm (defined as 2.5 times
the noise level).
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HETEOD
DATE

PORPOSE

DESCRIPTION

ANALTSIS HETHCD NUMBER 35

ML-AL B7-441
5 November 1974

Detarninacion of 2378 Tetrachlorodibenzo=p~dioxin Iim buroxy
propyl aster mix #1,

Determicarisn of 2378 ICTD in buzaxy propY¥l ester mim #1. The
2378 ICDD is separated from the sewple aarrix by using s silics
gel column clean up step followed by szmple concestration. A
portisn of the clean sample concentrate 18 evaluated by gas
chromstography-nass spesiromesry. TCDD Tecoveries wvere 912
+[-20%. The detection limiz wvas 0.0l ppm (defined as 2.5 tipmes
the noise level).

METBCD
DATE

PURFOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 26

Mi-AL-837-451
§ November 1974

Decermination of 2378 cecrachlorodibenzo-p-dioxin ir herbicida.
(Propylene glycol (C3H60 to C9H1803) butyl ether esters of 245

trichlorophenoxyscetic acid).

Determination of 2378 TCDD in a herbicide. The 2378 TCDD is
separated from the sample matrix by usiog s silica gel coluan
clean up step followed by sample conceatration. A porticn of the
clesan sample concentrate is evaluated by gas chromatography-nass
spectrometry. TCDD recovaries vere 81X +/=20Z. The deteczicn
lizit wvas 0.01 ppz (defined as 2.5 times the noise level),

METEOD
DATE

PURFOSE

DEXSCRIPTION

ANALYSTS METHOD FUMRER 37

ML-AL~ 76-00862
30 Juoe 1976

Determinatien of 2378 tetrichlorodibanzo-p~dioxin in herbicide
155 mtxture (active fggrediear is picloram}.

Determipazica of 2378 TCID in 155 mixture. The 23783 ICOD {s
separated from the sample mactrix by using & silica gel cclumn
clean up step folloved by sample comcencration. A portion of the
c¢lesn sample concentrate is evaluated by gas chromategraphy-mass
spectronetry. ICDD recoveries wers 1032 +/-20% (two stasndard
deviazion) at the 0.0 to 0.1 ppm level. The precisios of this
procedure is within 20 of the amount present. The detection
liniz wvas 0.002 ppm (defined as 2.5 times the noise lavel).
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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 TCDD is separated from the sample matrix by the extraction
of an equeous solution of the sample with hexane followed by &
clesn 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 85%
+/-20%. The detection limit was 0.01 ppm (deflined as 2.5 times
the noise level).

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 36

MI-AL-75-01030
15 August 1975

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

Determination of 2378 TCDD in propylene glycol butyl ether ester
of 2-(245-Trichleorephesnoxy) propicnic acid. The 2378 TCDD is
separated from the sample matrix by using a silica gel column
clean up step followsd by sample concentration. A portion of the
clean sample concentrate is evaluated by ges chromatography-mass
spectrometcy. TCDD recoveries were 95% +/-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 lewvel).

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NU#MBER 40

ML-AL 76-0097%
27 September 1976

Determination of 2378 tetrachlorodibenzo-p-~dioxin in Kcrlad@)s

Determination of 2378 TCDD in Korla£§>8. The 2378 TCDD is
separated from the sample matrix by using a silica gel columm
followed by an zlumina column clean up step and sample
concentration. A portion of the clean sample concentrate is
evaluated by gas chromstogzraphy-mass spectromstry. TCDD
recoveries were 91% +/-20% (two standard deviations) with a
detection limit of 0.01 ppm.
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METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 41

ML-AL 75-1190
19 September 1975

Determination of 2378 tetrachlorodibenzo-p-dioxin in Dowanol ETCP

Determination of 2378 TCDD in Dowanol ETCP. The 2378 TCDD is
separated from the sample matrix by using a silica gel coiumn
clean up step followed by sample concentration. A portion of the
clean sample concentrate is evaluated by gas chromatography-mass
spectrometry. TCDD recoveries were B7% +/-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 0.0l ppm (defined asg 2.5
times the noise level).

METHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 42

ML-AL 75-01177
7 November 1975

Determination 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.)

YETHOD
DATE

PURPOSE

DESCRIPTION

ANALYSIS METHOD NUMBER 43

ML-AL 75-01046
22 August 1975

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

Determination 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 20% of the amount present.
The detection limit was 0.01 ppm (defined as 2.5 times the noise
level).
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ANALYSIS METHOD NUMBER 44

METHOD ML-AlL 75-00140

DATE 13 March 1875

PURPGOSE Determination of 2378 tetrachlorodibenzo-p-dioxin in Dowanol ETCP

DESCRIPTION Determination of 2378 TCDD ion Dowancl ETCP. The 2378 TCDD ig

; seperated from the sample matrix by using a silicz gel column
clesn up followed by sample concentration. A portion of the clesn
sample concentrate is evaluated by gas chromatcgraphy-mass
spectrometry. TCDD recovery by this procedure was 94.5%.
ANALYSIS METHOD NUMBER 45

METHOD ML-AL 76-01278

DATE 10 November 1976

PURFOSE Determination of 2378 tetrachlorodibenzo-p-dioxin in Korlaég)ZAE

DESCRIPTION Determination of 2378 TCDD in Korlaéﬁ 24E. The 2378 TCDD is
separated from the sample matrix by using & silica gel column
followed by an alumina column clean up step and sample
concentration. A portion of the clean sample concentrate is
evalusted by gas chromatography-mass specirometry (GS-MS). The
average recovery is 94% +/-12% defined as two standard
deviations. The detection limit is 0.00Z2 ppm defined ag 2.5
times the averags noise level.

ANALYSIS METHOD NUMBER 46

METHOD ML-AL 75-00636

DATE 2 May 1975

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

DESCRIPTION Determination of 2378 TCDD in butyl esters of 248

trichlorophenoxyacetic scid. The 2378 TCDD is separated from the
sample matrix by using a silicz gel column clean up step followed
by sample concentration. A portion of the clezn sample
concentrate is evaluated by ges chromatography-mass spectromatry.
TCUD recoveries were 95% +/-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 G.C1 ppm (defined as 2.5 times the noise
level).
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Avpendix E
Pow Analytical Summzary Dats
Tables 1S through 26
The Pov Chemical Compzry
Hidlend, Michigan
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Table 18

Symbols and Definitions for Appendix E
The Dow Chemical Company
midland, Michigan

Symbol Definition
124679-HxCDD | 1.2.4.6,7.8-hexachlorodibenzo-p—dioxin
13867-TCDD 1.3.6.7-terachloroditenzo-p—dioxin
1388-TCDD 1.3.6.8-teachiorodibenzo—p—dioxin
245-T acid 2.4 S-wichicrophenoxyacsatic agd
245-T amine amines of 2,4,5-T
245-T ester esters of 2.4,5-T
245-TCP (TCP) 2.4 5-mchioropneno!
248-TCP 2.4 B~-tnichiorocheno!
27-DCLD 2.7 -dichiorodibenzo-p—dioxin
3478-TCDD 3.4.7 . 8-tevachioreditenzo—p—dioxin
clo caustic insphirie oils (from NaTCP procass)
Erbon 2-i2.4.5-trichlorophencxy)-ethyl 2.2-dichloropropionate
FBED fluid bed dryer
HpCDD heptachicrodibenzo-p-dioxins
HpCDF heptachiorodibenzofurans
HxCDD hexachiorodibenzo-p—dioxins
HxCDF hexachlcrodibenzoturans
LoD fimit of detsction for & given sampls result
Max. Del. maximum getetiable sampls resull

Mean when ND=LOD/2

arithmetc mean when all NDs are sat egual
tc one helt the LOD

MeQOH methano!

Min. Det. minimumn getectable sampie result
NaPCP sogium pentachlorophenzate
NaTCP (phenate) sodium 2.4, 5-trichlorophenate

ND ’ non-detectable sample result
COCDD octachloroditenzo—~-p—dioxin
CCOF octachloredienzofuran

Pc process siraam sample

PCDD pentachiorcdibenzo-p-dioxins
PCDF pentachicrodibenzofurans

PCP pentachicrophenol

Pr product sampis

Ronne! Q.0-dimethyl O—{2.4,5-trichlorophenyl) phosphoroate

SD when ND=LOD/2

standard deviation when all NDs are set egua!
to ong hatl the LOD

Silvex 2-(2,4 S-trichlorophenoxy) propionic acid
Silvex ester esters of sihvex

TCDD 2.3,7,8-1etrachiorodibenzo-p-dioxin
TetCP tetrachiorochendls

TriCDD trichiorodibenzo-p-dioxins

ug/g micrograms of analyte per gram of sample
Wa wasle effiuent sampis
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Table 25
Rabbit Ear Test Evaluation
The Dow Chemical Company
Midlang, Michigan

Chioracnie Testing Interpretation
Rabbit Ear TCDD Leve!
Folliculitis Grade {ug/g)
Responss
Very slight 1 1
Stight 2 1-10
Moderate 3 10-100
Severe 4 >160
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Appendix F
Dow Industrial Hygliene Summary Data
Tables 27 through 55
The Dov Chemical Company
Midland, Michigan
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Table 27
Symbols and Definitions for Appendix F
The Dow Chemica! Company
Midland, Michigan

Symbo! Definition
1,2,4=-TriCB 1,2, 4-trichlorobenzens
2-CP 2-chilorophenol
235-TCF (2.3.5-TCP) 2,3,5-trichicrophens!
24=-0 2.4-dichliorophenoxyasslic acid
24-DCP 2.4-gichlcropheno}

245-7 (2,4,5-T agid)

2,4 S-trichlorophenoxyacelic asd

245-T ester (2.4,5-T esten)

esters 0f 2,4,.5-T

245-TCA (TCA) (anizole)

2.4 S~-trichloroanisole

'1245-TCP (2,4 5-TCPF) (TCP)

2,4.5-trichiorophenct

248-TCP {2.4.6-TCP)

2.4 .6-trichioroghencd

26-DCF

2, 6-gichiorophencs

4-CPF 4—chlorophenct
{4CIQOPP 4-chioro-, 2-phenyiphiens!
A area air sampie
Cio caustic insolubls oil (Na 2.4,6-TCP wasts effluent)
CO carpon monoxide
Chicracnegen non specific material which has the potential to cause chioracne
ciz chioring
CuQ cuprous oxide
DPaA diphenylamine
Dust tota! paniculate
EB butexy ethano!
FED fiuid bed drier
HCEB hexachlorobenzens
HCI hydrochloric acid
HpCOD heplachlorodibenzo-p—gdioxins
HpCDOF heptachlorodibenzofurans
HxCDD higxachiorodibenzo-p-dioxing
HxCDF hezachiorodibenzofurans
LOD lowest limit of detaction for a given ana!ynca! method and sampie set |
MC methviens chioride
MCE monochlprobenzens
MCPA {4=-chioro-o-toloxy) acelic acid
Max Det maximum geteciable sample result

Mean if ND=LOD/Z

mean calevialed using 1/2 of &} applicable LOD’s for the ND
values and all the detecied sampie results in & given sample sat

MeQOH mathano!

Min et minimum delsctabls sample resul
Ng not applicable

NA not availabla
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Table 27
Symbols and Definitions for Appendix F
The Dow Chemical Company
Midland, Michigan

Symbot Definition
NCFP nonyichiorophenoxyphenol
ND non-detectable sampie resuit
NFR no ear folliculitis response

Na TCP (Na 2.4.5-TCP)

sodium 2.4 ,5-trichlorophenate

NaQH sodium hydroxide

NaQPP sodium ortho—-phenyiphenate

OCDD octachiorodibenzo-p—dioxin

OCDF octachiorodibenzofuran

QCPP octachiorophenoxyphenol

QPP ortho—-phenyiphenol

P personal breathing zone sample

PCP pentachiorophenol

PIB propyiene glycol isobutyi ether

Pc process stream sample

Pr proguct sampie

REFR rabbit ear folliculitis response

Ronnel 0.0-dimethyi 0-{2.4,5-trichlorophenyi) phosphorothicate
STE short term exposure sample

Silvex 2-{2,4 5-trichiorophenoxy) propicnic acid
TCB 1.2,4.5-tetrachliorobenzena

TCRD 2,3.7 .8B-tetrachlorodibenzo-p~dioxin
TWA lime weighted average sample

TetCP tetrachiorephenois

w surtace wipe sampie

my/M3 milligrams anaiyte per cubic meter of air
ng/M3 nanograms analyte per cubic meter of air
ppm parts analyte per million parts of air
Ug/wipe micrograms analyte per wipe sample
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