s ELIIVTT AN 111982 ot
_// DEPARTMENTOF HEALTH & HUMAN SERVICES Pubiic Heasith Service l/rbﬂ

=
D Centers tor Disease Control
National instituts for
Occupa ¥ gRealth 7 ()
Robert f{' Liborhtorfes J Y

4676 IrRway n;«' 1z ‘ INITIAL
Cincinn e
€rvod l
January 8, —
Filed
Qlveng
Mr. Evan E. Cambell v-?f“v‘-_!_w
{ . Manager Izdustrial Hygiene o e
Diamond Shaarock Tower Re;:..-.-li‘ i
717 North Harwood Street S
Dallas, Tx. 75201 Eroeizt
Dear Mr. Cambell: . Doy
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Dloxin Activicy

Industrywide Studies Braach

Division of Surveillance, Hazard
Evaluations and Field Studies

1 Eaclosure

0 §7045

MAXUS037197



- — .‘——-‘.

Report Prepared by Review of Documents
Received from

Diamond Shamrock Compan y
Newark, New Jersey

April 1, 1983

Marilyn A. Fingerhut, Ph.D.
David Marlow, I.d.

Division of Surveillance, Hazard Evaluatioas

and Field Studies
Induatrywide Studied Branch
Ciucinnati, Ohio 45226

e e e -

D

Py — -

§7:00

—— e

MAXUS037198



TABLE OF CONTENTS

Introduction Page .
History of the Plant Page 1
Persocnel Information Page 1
Diamond Shamrock Units and

Operating Counditions Page 2
Diamond Shamrock Facilities Page 2
Products and Years of

Production Page J
levels of Production Page 3]
Plant Layout Page 4
Personnel Page 5
Accident at Diamond Shamrock fage 5
Chloracne at Diamond Shamrock Page 6
Published Reports of Chloracne Page 6
Identification of the

hloracoegen Page 7
Dioxin Meagurements Page 7
Coufounding Exposures Page 8
Process Description for the

Production of Sodium 2,4,5-

Trichlorophenate Page 9
Process Descriptioun for the

Production of 2,4,5-Trichloro-~

phenoxy Acetic Acid Page 11
Ma jor Process Changes Paze 13
Summary Page 13

67101

- p— N - - =, ——a . v

- MAXUS037199



Table

Table

Table

Table

Table

Table

Table
Table
Table

Table

TABLE OF CONTENTS

Rolker and Diamond Products

Means and Ranges of Values re-~
ported for Various Operating
Counditions

Diamond Products and Periods
of Pronduction

Diamond Productior Levels
(from The Pesticide Review,
1968)

Summary of Production Levels
(Average Mounthly Production
Amounts)

Relative Production Levels of
2,4,5~T and 2,4-D

Job Titles of Hourly Workers
Job Titles of Salaried Workers
P-Dioxin Measurements

Major Process Changes

Page

Page

Page

Page

Page

Page
Page
Page
Page

Page

15

16

17

18

19
20

22

23

67T1C2

—

MAXUS037200



Introduction

This report was prepared by reviewing documents sent to NIOSH by the Diamond
Shamrock Company. Table llists the abbreviations used in this report to
refer to the chemicals produced by Diamond Shamrock.

Pistorv of the Plant (From "Attachment #8" sent to NIOSHE by Diamond Shamrock)

The Folker Chemical Works Inc. operated a plant at 80 Lister Avenune, Newvark,
New Jersey, from February 1946, unzil Diamond Shamrock acquired it by an
exchange of stock im August 1951. Diamond Shamrock owned and operated the
facility until March 1971, when the preperty apd equipment were sold to
Chemicaland Corporation. Production at the plant ceased earlier, on August
1, 1969. :

Ray Guidi{, former employee of Diamond, accepted an offer of the purchaser to
run the Newark plant om March 15, 197C.

Persoonel Information

1. Microfilm of Personnel Records

The microfilmed personnel files contain an application form, an employee
status report of hire, medical reports, workers' compensation reports,
change of address notices, an attendance sheet, and an employee status
report noting terminatiou. Most useful to NIOSH are the employee status
reports which list job titles. On some employee status reports, a job
location is noted usder “Work Location”™ (e.z., Newark - 2,4-D Unit). Other
documents which note job title are the physicilac's reports
("Classification”), and the application form (“Position Desired” or "Job

Interest”).

Unfortunately, the microfilmed personsel files do not permit reconstruction
of work histories. There are very few employee status reports noting job
changes, and the attendance sheets list ouly dates and check marks.

2. Master List

This is an alphabetic listing of all hourly and salaried Newark employees
which was compiled by the company. It includes date of birth, date of hire
into Diamond (without distinguishing whether Newark or another facility),
date of termination, date of death (if deceased) and social security number.

3. Primary and Supplemental Persomnel Card Files

These two (photocopied) card files provide social security number, job title
and date of birth, hire, and termination. Most cards list oanly ome job
tirle for an individual (e.g., £irst class chemical operator) but others
1ist a progression of jobs (e.g., fourth to firs: class operator). It is
unclear whether these cards coutain a complete accounting of job title
changes of each worker. If so, they might be suizable for a recopstruction

of work histories.

3 §7103
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Diamond Shamrock Units and Operating Conditions

The Newark facility had eight production uanits:

TCP Unit 2,4,5T Unit
Ester Unit Amines Unic;
Formulatioos Unit 2,4-0 Unit
MCA Unit HC1 Caic

The maintenance for the units was provided regularly by Diamond maintegance
personnel, although a contractor was utilized occasionally.

Monthly reports, which were given to NIOSH, are titled Summary of Vacancies,
Operating Data, and Operating Comments (Productioun, Maintenance and
Utilizies, and Plant Technical). The reports cover the pericds January 1966
to December 1968. They provide a detailed review of moanthly costs and
production figures, as well as a commentary on equipment changes and
production problems. Begloning {n January 1967, comments ot operating
conditions were added to the mouthly report. The data provided esch month
for each product are as follows:

TCP: Average and maxiiaum temperatures in the autoclaves;
Maximum temperature in the aniscle still;
Product assay (including "p—dioxin” check).

2,4,5=T: Average cooking time aad Cemperature;
Average TCP couversion in the reactor;
Average assay of acid packaged.

Esters: Average, short, and loung esterification temperature and
time;
Average product assays.

Table 2 presents mean values for measurements reported during the period
January 1967 = December 1968.

Diamond Shamrock Facilities - 1967 Expansion of 2,4=D and 2,4,5-T Acid
Production

A company report dated Junme 22, 1966 detalls esxpansion plams for 2,4-D and
2,6,5-T. A total budget allotment of $1,168,000 is requested to inmstall a
12 million 1lbs/year 2,4-D 2cid facility, counvert the existing 2,4~D facility
to 2,4,5-T acid productioum, {astall TCP purification facilitles and build a
varehouse addition. The report notes that the effort would increasa the
capacity for 2,4,5-T acid production from the existing race of 1,800,000
ibs/vear of wet cake product to 3,000,000 1bs/year of s more desirable dry
flake product. The production of 2,4-D would rise froam the existing rate of
the successful dry flake acid of 7,200,000 lbs/year to 12,000,000 lbs/year
of the same dry flaked acid.

0 8T134
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The report also noted that the supplemental processing equipment for the ICP?

unit 1is intended “to remove the chloracnegen and eliminate one of the .
objecrions to the Diamond T-acid (and)...result is better working

conditions=-reduced chloracne at the Newark facility . The equipment, a new

mixer, filter, glass-lined acidificatioa tank, glass-lined decanter,

stainless steel neutralization tank and 10,000 gallon surge tank, would be

installed in a uew building adjacent to the exristing ICP process building.

The report also states that “present T-acid facilities are old (15 years)

and beyond the point of ecosomical revair.”

The monthly reports state that on July 4, 1967, the "I~ Uanit was shul dowvm
and the area turned over for construction of the mew D" Unit. ALl " T7
acid operators vere assigned to training in the Melt Unit and reactlocs. 4]}
September 18, “I” acid production was resumed in the revised old "D" Unit.
Many problems with line plugging occurred.

The TCP pilot carbon columm ran substantial volumes of TCP for the first
time in September 27, 1967.

Products and Years of Production

The products and their periods of production were provided to NIOSE as
Attachment #7 on August 1, 1980. We bave added dstes for these products,
which we found in other documents. See Table l. Our review of other
Diamond documents also indicates that additicpal products were made. These

are listed in Table 3.

Levels of Production at Diamoad Shamrock

The company provided NIOSH with pages that seem Co be copied from The
Pesticide Review 1968, USDA. Annual U.S. production figures and Diamond
production figures are given for 2,4-D and 2,4,5~T, The Diamond figures
from 1960-1968 are summarized in Ta2ble 4. From 1960 to 1968, 2,4,5~T
production comstituted from 10 to 23X of total phenoxy acetic acid
production. This amouanted to 3u anoual production total of 2,4,5~T rangiung
from 600,000 1bs to 2.5 aillion lbs.

Mouthly reports required by the U.S. Department of Commerce and a summary
report (Form BDSAF-737) detail the production levels froz January 1956
through January 196%. The amouats are summarized in Table 5. The data
{ndicate that the heaviest production time extended from April 1967 through
October 1968 when the plant produced about 200,000 1bs of 2,4,5-T and
700,000 1bs of 2,4-D each month. Most of the 2,4,5-T during this period was
devoted to military use as a component of Ageant Orange, but the 2,4-D was
utilized for both military and domestic use.

The monthly breakdown data of Table 6 indicate that 56,000 1lbs of 2,4,5-T

were produced mouthly from January 1966 through March 1367, but this
coustituted only 8% of total acid production. The production of 2,4,5-T

o) C 57105
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increased by a factor of 3.5 during the period April 1967 cthrough October
1967, and coustituted 223 of total acid preduction. Production of both
2,4=D and 2,4,5-T decreased scmewhat during the period November 1968 through
Jaguary 1969, but the monthly production of 156,000 1bs of 2,4,5-T still
coustituted 22% of the total acid production at Diamond.

A copy of a Western Unicn telagram of December 17, 1968, states that the
governmegt termizated the coutract for Agent Orange as of January 1969.

k_, Plant Layout

No layouts were provided. References in various documents suggest that
there were Cwo buildings at the facility with the following arrangerzent of

activicies.
Bldg. 1 Bldg. 2
TCP T acid
Qffice D acid
Maintenapce ICP
Eaters
Formulatious

It is not clear where DDT production, chloripation, or amine production
occurred. Detailed layouts must be obtained from the company, as well as a
description of how the buildings changed due to the 1960 aad 1967
construction efforts.

\.,' A publication by Poland et al (Dgeares that in February 1962 a building
separate from the production area housed administrators, technical help,
engineers, business office workers, laboratory technicians aznd janitorial
kelp. This does not coincide with the description of Building 1, above, and
may indicate that the TCP upit was moved during one of the constriction
pericds. :

A report of October 2, 1968, to a G.L. Pratt, Cleveland, from F.G. Steward,
Newark entitled “Ester Plant Replacement” states that the equipment requires
replacement because it was installed in the late 40's and early 50's, was
poorly arranged and required much maintenance. The report noted that the
unit ipcludes five 1000-gallon esterifiers used for batch processing, aad
that “the Dacamine reactor is in the middle of the 'T' ester area.” A
recommendarion was also made to remncvate the Formulations Buildiag and
equipment which "is also old and has close proximity and a close working
relatiocuship with the Ester unit.”

T TPoland, A., Soitn, D.; Merter, G. and Possick, P., A Health Survey of
Workers in a 2,4~D and 2,4,5~T Plant. Arch. Environ. Heslth 22:316~327, 1977.
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A memo of February 14, 1968 from 7. Gordoo Steward to R.R. Wirmartin states,
that TCP mother liquor is recovered batchwise in the recovery area in the

2,4-D unit, aod requests planning to permit switching mother liquor recovery

" from that location to the TCP purification unit. This indicates poasible
exposure of "D” area workers to TCP. It {3 unknown whether the same or
separate workers were responsible for the "D” and "TCP recovery  activities.

Persocnel

Some references suggest the following arrapgement of workers. However, it
i3 not clear whether this description £its all periods (separated by
{ndicated times of comstruction) 1951-1960, 1961-1967, and 1967-1969.

A.) Hourly workers

One or two men per shift worked the TCP process, 2 men per shift worked
on 2,4,5~T, and 32 men over 4 ghifts were responsible for the 'D' and
*T' esters and other products. There were about 20 mechanics at anyoae
time, plus 3 lab technicians, 12 persous lo the offices, and 3 or 4 men
in the yard.

Some references suggest that the 2,4-<D and Z,4,5-T and ester workers
shared a commor area, but formulatious workers were in another secticn
of the same building. ’

The company will be asked to describe worker assignment patterms aad
locations and to a2ssist in defining the work areas where the various
products were made. The job titles for hourly workers are listed in

Table 7.

B.) Salaried Workers
Job titles for salaried employees were abstracted from personnel
records. These are listed in Table 8. The company will be requested to

assist in determining which job titles indicate a routine presence in
production areas.

Accident at Diamond Shamrock

An explosion and fire occurred at noon on Pebruary 20, 1960. The autoclave
pressure and temperature rose rapldly and the manhole ‘cover blew, releasing
methanol fumes which ignited and caused the explosicn. One man walking
nearby was killed. References indicate that the plant was shut down until a
pew plant was built. It reopemed in 1961 with the same 2,4~D equipment but
all new TCP equipment. It is unclear, however, whetder one or both
buildings were damaged and/or replaced, and whether the location of the TCP
unlt was changed by the recoastruction.

D
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Chloracne at Diamond Shamrock

Dermatitis problems occurred during the period January 1951 and Japuary 1952
when thé company was producing tetrachlorobenzene by ciolorination of
movochlorobenzeve. The problem cleared up when the company began to
purchase tetrachlorobenzene from Hooker in January 1952.

Ia 1955, several TCP workers developed chloracme. This occurred 6 wounths
after a 1954 change in the TCP process which ipitiated a steam distillacion
step. Chloracae continued to occur from time to time among TC?, and 'T’
workers and mechanics.

No chloracne cases were reported as being caused by the explosion ia the TICP
arocess which occurred on February 29.

Production was increased to supply Agent Orange during the 1960°s.
Chioracne problems continued to arise. Information obtained froam the
mcathly reports indicates that chloracne continued to be a problem in
September, 1968 and that industrial hygiene measurements were made in the
plant about that time. The December 1968 report states that no dioxin was

found in the plant.

Published Renorts of Chloracne

The two reports are described because they contain descriptiouns of process
location and worker assignments. In a publ%c3tion by Bleiberg et al,
entitled “Industrially Acquired Porphyria,” 2) a medical evaluation was
presented for 29 workers employed at Diamood. This study lavolved 18
individuals having chloracne and 8 without tke condition, aad coucluded that
hyperpigmentation and hirsutism ware proporticnal to the severicy of
chloracne in these individuals. Eight of the 29 workers aod three
additional hospitalized individuals with chloracne had evidence of porphyria
cutanea tarda, but this was not proportional to the severity of chloracne.
The authors concluded that some intermediate or products were responsible
for both chloracne and porphyria cutanea tarda. This was the first
published report relating porphria cutanea tarda to chloracune or to

iadustrial exposure.

Poland, et al,(3) studied all male volunteers among the workers employed
at Diamond in February 1969. BEmphasis was placed oun observations of
chloracne, porphyria cutanea tarda, hepatotoxicity, amd peuropsychiatric

2. Bleiberg, J., Wallesa, M., Brodkinm, R., et al. Ipdustrially Acquired
Porphyria. Achives of Dermatology 82:793=-797, 1964.
3. Op. cite. .
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symptoms. Seventy-three men were divided into four groups: 1) (a=20) .
adaministrators, technical and eclerical help, lab technicians and engineers
housed in a building separate from the production area; 2) (n=ll)
supervisors, foremean spending most of their time it the production area; 3)
(a=28) oun-line production area workers; and 4) (n=14) zaintenance workers,
soma coufined to the shop and some frequently in the productioca area. The
total group included 55 white and 18 black employees, witd an average
duratioo of employment of 8 years.

- The report found that 183 of the workers had moderate to severe chloracne;
mainrenance workers had the most acne and the administrative group had the
least acpe. Severity of chloracme correlated significantly with the
presence of hyperpigmentation, hirsutism, eye irritation aamd a high score ou
the manic scale of the Minnesota Multiphasic Personality Inveatory (MMPI).
(The MMPI finding is somewhat contradictory to other studies of 2,4,5-T
workers which have i{dentified apathy and psychomotor retardation.)
Chloracae was not correlated significantly with duration of employment or
coproporphyria excretion, a characteristic of porphyria cutapea tarda. In
fact, wo clinical porphyria cutanea tarda was found, aud only one worker had
persistent uroporphyrinuria. The workers were divided into groups by their
currerit work locations: TCP formation, DCP formatiom, phenoxyacetic acid
production, esterification, formulation and storage taoks, maiatenance,
supervisory, laboratory help, and administration. There were no-statistical
di1fferences found, and the authors suggest this might be due to the small
size of each group and the mobiliry of the vorkers.

Ideutification of the Chloracnegen

A report was written by Jobn Cort, Jr. om March 24, 1965, which describes a
meeting of representatives of Dow, Hooker, Bercules, and Diamoud. Dow
announced the i{dentificatiom of the chloracnegen as 2,3,7,8-tetrachloro~
dibenzo-p—dioxin (dioxin), and the development of an anmalytic technique with
a senasitivity of 1 ppms Wipe tests at Dow had coufirmed the presence of
dioxtin on tool handles, benches, instruments, etc. Dr. Holder of Dow
described the chloracne which occurred in Dow workers in 1964 and a
secondary symptom of a fatigue reaction. Dow analyzed materials from other
companies, including Diamound, and found amounts as high as 10 ppa in 2,4,5-T
acid and 20-30 ppm in sodium 2,4,5~trichlorophenate. Using results of
rabbit ear tests Dow concluded that 1 ppm with repeat exposure can cause a
real problem. The analytical results om Diamond products vere to be
forwarded to the company.

Dioxin Measurements

Analysis of the dioxin content in trichlorophenol (IC?) i{s provided in some
monthly reports. The first recorded value was 115 ppm in April 1967, and
the amount in May was 7. ppm. The reports from June through October do oot

0 47109

et e o e, ST - ST e e e T T T T T MAXUS037207



. ;- N I PR it

e el Ay dkana

vt il a S A a -

-8-

state any measured values, but reference is made to successful operation of
a substantial volume of TCP through the pilot carbon column on September 22,
resulting ia less than 1 ppm contaminating "“p-dioxin.” The November 1967
level of dioxin was 1.7 ppm. The reports suggest that no TCP was produced
due to anonual shutdowo and comstructiocn from July 24 to early or
mid=-September, 1967.

A report entitled “p-Dioxin Review™ of December 23, 1963, reviews the plan
for treatment of trichlorophenol teo remove “p—dioxin.” The carbon

‘ absorption technique for purification of TCP was initlated in September 1967
K_, and "continued until plant operations were suspended in August 1963." Table
9 gummarizes the dioxin measuresents provided in this report.

An {nterim report dated March 23, 1966, from W.A. Goodloe is referenced in
F.G. Stewsrd's memo of March 23, 1969, as providing a descriptioa of Diamcand
efforts to remove ~p—dioxin.~ The report of March 23, 1966, was not -
contained in the Diamond documents forwarded to NIQSE.

A report of September 18, 1967, to F.G. Steward emritled "Regemeratioum of a

Carbon Column with 20 Be=HCL"™ describes the laboratory testing of extractiou

of the carbon column with HCl and benzepne. He concluded that benzene
ertraction required too much handlirg and was not safe. EHe suggestad
drainiag the BCl and water into the sewer line, but noted that the
insolubility of dioxin in water might cause a buildup in the local linpe.
This report seems to be a pretesting of the TCP purification systex
installed at Diamond wizh the pew comstructiom in 1967. It is unclear vhat
final method of disposal was selected. It 1s also unclear how the disposal
of the charcoal with bound dioxin was to be handled.

A report of September 19, 1967, to F.G. Gordom, eantitled “TCP Purification -
Pilot Column” states that the pilot column, in operation since September 8,
1967, had purified 20,000 gals of 155 TCP. The average concentratlon of
dioxin in the first 17,300 gals passed was l.4 ppm. (Twenty—one of 42
samples had less than 1 ppm.) The report notes that this average of l.4
exceeds the "present safe limit of 1 ppm”™ because an incorrect flow rate was
used. The column would be regenerated when the pressure drop required it or
when the columns no longer extracted dioxin below the 1L ppm level.

Diamond Alkali Laboratory reports show that various samples vere analyzed
for dioxin. The reports provided are from the period September 25, 1967 to
November 18, 1967, and all measurements are under 1 ppm. BHovever, because
these are geparate sheets, there is no way to xnow whether other
measurements were also made and might have been high. Figure 1 is a copy of
a laboratory procedurs which may have been the method of amalysis used.

Confounding Exposures

Some confounding exposures must be comsidered in evaluating the Diamond
workers. A dermatitis problem existed during the period when tetra-
chlorobenzene was made from momochlorobenzene from January 1951 to January

67110
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1952. Trichlorophenol and 2,4,5-T were also made at this time, but the
company began to purchase tetrachlorobenzene from Hooker in Jamuary 1952, at
which time the dermatitis cleared up. This suggests that the dermatitis
problem during this period may have been associated with the chlorination of

monochlorcbenzene.,

Hexzachlorobenzene production occurred from February 1946 to August 1969 and
a variety of other chlorinated benzene substances were produced. The
locations of use of production of all chlorinated bemzene substances zjust be

evaluated.

Additional pogsible confounding must be investigated by determining the
years and locations of DDT production. References indicate that the
production of herachlorobenzeme and chloral, a DDT iptermediate, occurred
{o the TC? building and that DDT production occurred in the 'D' apd 'T’
Building, but in an area removed from these processes.

The compounents of the Dacamines are unknown and must be evaluated for
possible confounding.

Process Description For The Production Of Sodium 2,4,5-Trichlorophenate

The Diamond Alkali Company produced an aqueous solution of sodium-2,4,5
trichlorophenate {(NaTCP) using the following raw materials: 1,2,4,5-
tetrachlorobenzene (TCR), flake caustic (NaOH), and methanol (MeOH).
Methanol and watar were also used as solvents. A flow diagram of the
process is shown in Figure 2.

~

In the first step of the process, methanol is pumped into the
methanol—caustic mixz tack. The methanol is charged from the methanol
recovery tank and supplemented with fresh (unused) methavol to make up a
desired amount. Flake caustic is dumped from 50 gallon drums into the
methanol-caustic mix taok which contains methanol. Sodium methylate is
formed by the Zfollowing reaction:

CHi0H +  NaOH — CH30Na +  Hy0
(methanol) {ecaustic) (sodium methylate) (water)

Methanol is added in excess in this reaction with mole ratio of 4 moles
methanol per mole caustic. The sodium methylate solution is pumped to a
drop tank where it is heated to 60°C.

TCB i3 stored in steel tanks and heated to 1659C to keep it in a molten
liquid state. The TCB is pumped to a drop tank and fed to an autoclave
reactor, a closed pressure vessel. Ounce the TCB has been charged to the
reactor the sodium me-hlylate solutioca 1s pumped to the reactor in a gradual
controlled flow rate with comstant agitation. A mole ratioc of 6 moles
sodium methylate solution per mole TCB is preseat in the reactor. Cnce all

5T111

' MA)_(U8037209



F— - e - s » mndin, s i 1 - i B T S N e et

=-10-

the sodium methylate has been added the temperature of the reactor is raised
to 165-173°C at a pressure of 350-375 pounds per square inch gauge
(psig). The following reactions take place:

c1 ' ocH

cl 3 Cl
+ CH30Na _—> + NaCl
cl (sodium methylate) cl (Salr)
c1 A ¢
(TCB) ' (2,4,5, trichloroanisole)
(TCA)
OCH, ONa
Cl Ccl
+ CHjGNa ————> +  CH30CH;
c (sodium merhylate) cl {dimethyether)
1 Ccl
(Tca) (Sodium 2,4,5-T-
trichlorophenate)
(NaICE)

Following a digestioun perioed of 3-5 hours, the reactor is allowed to cool
down to 30-60°C at a pressure of less than 25 psig. During the cool=down
period the dimethyl ether is allowed to outgas into the atmosphere through
vents. After the reactor has cooled, the temperature of the reactor is

raised to 90-1009C to distill off the unreacted methancl. The distillation
of metharol is complete when the temperature of the reactor reaches 120°C.

The methanol vapors that come off during distillation are collected in the
erude methanol condenser and pumped to the crude methanol storage tank. The
¢rude methanol soluciom is pumped to the crude methanol redistillation
still. The crude methanol is purified with the vapors piped to a series of
two condensers and from there to the redisciiled methanol receiver. The
recycled methanol is now ready for reuse in the preparatioun of sodium

methylate.
Once the majority of the methanol is removed, the crude sodium

2,4,5~trichlorophenate (NaICP) is pumped from the reactor to the crude NaICP
holding tank. S$ix batches of NaTCP are made in this manner and stored in

0 57112
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the crude NaICP holding tank. After six batches are in the crude NaTCP
holding tank, the contents are pumped to the anisole still. In the anisole
still, the crude NaTC? is steam stripped to remove TCB, TCA, and unrecovered
methavol. The disrzillate is condensed and collected ic the anisole
receiver; at a later time, when sufficient material has been collected, a
batek of NaTCP?P is made from this material. A batch of this type occurs, ou
the average, once a mouth. The process to make NaTCP from recovered,
unreacted materials is the same as the process juat described with the
exception that less mechylate solution is added to the TCB ia the autoclave
reactor.

The steam stripped NaTCP is then pumped from the aniscle still through the
Monel screen filter which removes salts. The finished product, 36< NaICP,
is then pumped to a finished product holding tank, where it is elther
diluted with water to 25% coucentration NaICP for use lu the production of
2,%,5-trichlorophenoxyacetic acid, or acidified to produce 2,4,5~trichloro-
phenol for sale.

In 1967 a purification tower was added to the process to help remove
contaminants from the NaTCP. This tower was filled with activated
charcoal. The tower was in line after the Monel screen filter.

Process Description For The Productiom Of 2,4,5 Trichlorophenoxyacetic Acid

Diamond Alkali produced 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) using
the following raw materials: aquecus sodium 2,4,5-trichlerophenate (NaICP),
aqueous caustic soda (NaOH), mouochloroacetic acid (MC4), sulfuric acid
(B2504), and water as a solvent. A flow diagram of the process is shown
in Figure 3.

In the first step in the process, NaTCP is pumped to a drop tamk and thes
charged to the condenser reactor. Cooling water is applied to the reactor's
iacket and agitation is started. An automatic pH meter used to deterszine
acidiry of the reactor contents should read between 12 to 13. Sulfuric acid
is pumped to the reactor until the pH is adjusted between 9.5 and 10. Next,
MCA i{s pumped to the reactor. The reactor temperature ghould be about
70-80°. A second drop tank is charged with RaTCP and pumped to the

reactor. The mole ratioc is 1.24 moles MCA per mole NaTCP, and the pH should
read approximately 4. Upon the completion of the second cbarge of NaICZ,
caustic soda 1s pumped until the pH is adjusted to 9.5. The batch i3 now
ready to be cooked. The batch is cooked at 95-100°C for 2 1/2 hours at
approximateiy 20 psig. The following reactions take place:

C1CHyCO0H + NaOH ==———3 C1CHpCOONa + Hq0
(monochloracetic acid) (Caustic) (sodium monochloro— (Water)
(MCA) acetate (NaMCA)
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ONa OCHZCOONa
Cl Ccl
+  ClCH2COONa ——mm—3> + NaCl
c1 (NaMCA) cL (salr)
cl Cl
(sodium 2,4,5-trichloro—-
(NaICP) phenoxyacetate)
(Na2,4,5=T)

During the cookinz period the pH is checked periodically. Caustic soda is
added if the expectad reading of 9.5 is not obtained. If the pH meter does
not respond to the addition of causctic soda, water ia added to thin the
bateh solution until the meter responds. After the cooking period a sample
is taken, and the batch is pumped to the filrer holding tank.

Na 2,4,5-T is held in the filter holding tamk at 70°C and 15-16 psig with
constant agitation. Caustic soda i3 sometimes added to maintain a pd of
9.5. From the filter holding tank, the Na 2,4,5-T is pumped to the 6'x6’
filter feed pan and then to the filter where ascy unreacted Na 2,4,5-T-
trichlorophenate and water soluble impurities are removed usiag sodium
sulfate wash sprays. The Na 2,4,5-T is pumped from the filter to the slurry
tank. In the slurry tank, the Na 2,4;5-T is heated to 70-100*C under a
pressure of 15-16 psig. When a specific amount of Na 2,4,5-T has been added
to the slurry tanmk, it is then pumped to the primary acidification tank.

In the primary acidification tank, acidification of the Na 2,4,5-T 1s
started. The partially acidified mixture of 2,4,5-T and water then
overflows ianto the secondary acidification tank where the acidificacion
process is completed. The acidification tanks are kept at 120°C and 15
psig. The reaction that takes place in these tanks 13 as follows:

OCEZCOONa ' OCHchOH
Cl Ccl
+ HyS04 —————> + Na2504
c1 (Sulfuric Acid) ca1 (Sodium Sulfate)
1
Cl c1
(Na 2,4,5-T) (2,4,5-Trichlore—~
phenoxyacetate acid)
(2,4,5-T)

The molten mixture of 2,4,5T and water overflows from the secoundary
acidification tank into the decaster where it is allowed to settle into two
layers, water and 2,4,5~T. The water layer (still containing some unreacted
Na 2,4,5-T) overflows Lo the settling tank. The 2,4,5-T layer is pumped to
the decanter (procedure is described later).

C 67114
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The settling tank is used to recover Na 2,4,5-T from both the decanter and
wash column overflows. The overflow enters the settling tank and is cooled
to 40-50°C. Water is sometimes added to help the cooling process. Cooling
the overflow results in a cososiderable amount of solids precipitating out of
solution. The solids are recovered in the pressure filter, through which
the cooled overflow is pumped into the sodium sulfate makeup tank. Solids
recovered from the pressure filter are periodically flushed into the slurry
tank for uge in future 2,4,5-T batches. In the sodium sulfate makeup tank,
caustic soda is added to recover sodium sulfate used as spray wash ia the
filter which is in line to the slurry tank, described earlier in this

section.

The molten 2,4,5=-T i3 pumped from the bottom of the decanter to the top of
the wash column where it 13 washed with a countercurrent flow of hot water
at 120°C. The washed molten 2,4,5-T comes out the bottom of the wash column
and collects in the washed acid receiver while the wash water overflows from
the top of the wash column to the settling tank where it is cooled for
further recovery of 2,4,5-T. The washed 2,4,5T is pumped from the washed
acid receiver either to the dryer, where {t is dried at 155~160°C, or to the
amine makeup tank-where the 2,4,5-T is mixed with triethylamine to make
amiges of 2,4,5-T. The dried moltem 2,4,5~T i3 collected in the dry acid
receiver where it is maintained atr 160-165°C and 70-80 psig. The molten
2,4,5=T is pumped to either the flaker system to be bagged for sale or via
the ester drop tank to the esterification unit to be used for production of
esters of 2,4,5 T.

Ma jor Process Changes, With Notations About Chloracne

Table 10 summarizes the major process changes initiated during the period of
Diamond ownership. The list was compiled from a review of many of documents
received from Diamound.

The "NaTCP Patent Application” of April 21, 1969, from F. G. Steward to R.
Chonoles describes a new TCP process of gradual addition of caustic methanmol
whieh would lower the temperature increases and decrease the chloracaegens.
It refers to the old TCP process as essentially the same as the Timbrol
(Australian) 1951 patent process - producing high temperatures,
chloracuegess and rupaway conditions difficult to control. The report
states that the old process was used until the explosicn of 1960, but it
does not indicate whether or when the new process was initlated.

Sutmary

This report describes production processes, personnel information and the
history of the Diamond Shamrock Newark plant relevant to the production of.
sodiunm 2,4,5-trichlorophenate anrd 2,4,5-trichlorophenoxyacetic acid. All
information was coutained in written materials sent to NIOSH by the company.

Attached to this report are questions which the company is requested Co

answer in order to provide NIOSH with additional informatiom not contained
{n the materials seat by the company.

D €7115S
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TABLE 1

Kolker and Diamond Products and Periods of Production(Attachment #7)

o
®
o |

Product

2,4,5-T

2,4-D
TCP
TCP
DCP
MCA
HCB
DDT

K101
Compound 923

Chloral
BSC
PC3sC
PC3SA
44-DDS
PAABSC
»MBSC

Chemical Name

Years of Production

2,4,5—trichlorophenoxyacetic acid 2/46 - 8/69
2,4~dichlorophenoxry acetic acid 2/46 - 8/69
2,4,5~trichloropaenol 2/46 - 8/69
2,4,6~trichlorophenol 2/46 - 8/693
2,4—dichlorophenol 2/46 - 8/69
Movochloroacetic acid 2/46 - 8/69
Bexachlorobenzene 2/46 - 8/69
dichlorodiphenyl trichloroethane 2/46 - 2/51
Qvex, Multicide

p—chlorophenyl-p-chlorobenzene 2/46 - 2/57

sulfonate
2,5-dichlorophenyl=-p—chlorobenzene 2/46 - /57

sulfonate

1,1,1-trichlorocacetaldehyde
benzenesulfonyl chloride
p—chlorobenzenesulfonyl chloride
p~chlorobenzene sulfopamide
4,4=dichlorodiphenylsulfone
p—acetylaminobenzene sulforcyl chloride
p-methoxy beunzenesulfonyl chloride

2/46 - 8/61
2/46 - 7/59
2/46 = 7/59
2/46 = 2/59
2/46 = 2/59
2/46 - 2/59
2/46 = 2/59

D 671
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TABLE 2: Means and Ranges of Values Reported

for Various Operating Counditicns at Diamond
January 1967 to December 1968

TCP (n=22) Mean Range
Average Temperature in Autoclaves 168°C 163-172°C
Maximum Temperature in Autoclaves 173°C 169-178°C
Maximum Temperature in Anisole Still 105°C 105-108°C
p—dioxin and related impurities (n=l5) 15.4 ppa 0-115 ppum

2,4,5-T (a=20) '

Average Cooking Time 3.6 hr 2 -8 br
Average Cooking Temperature 101°C 97-105°C

Esters

Butyl-T (n=24)
Average Reactios Temperature 145°C 135-152°C

Average Cycle Time 23.5 br 18.5-25.56 br

2 EB-~T (a=8)

Pl

Average Reactiou Temperature 153°*C 150-159°C
Average Cycle Tinme 19.0 hr . 15.8-24.5 br
o 7117
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TABLE 3

Diamond Products and Periods of Production
(not identified ic Attachoent 7)

Number Product Period of Production
18 tetrachlorobenzene 1/51 -~ 1/52
19 2,4~D amines

Please specify each oue ?7 =-18/69
20 2,4,5T amines

Please specify each one . ? = 8/69
21 2,4 D esters

ethylhexyl ? -~ 8/69

buryl ? =-8/69
22 2,4,5~T esters ? - 8/69

ethylhexyl ? =-8/69

butyl ? - B/69
23 Dacamine ? - 2

o

47113
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TABLE 4: Diamond Production levels
Adapted from Source: 1968, The Pesticide Review, USDA

Production(millions of 1lbs)

Total ~ of 2 of

Year Acid 2,4—D Total 2,4,5-T Total
19640 5.8 5.2 89.7 0.6 10.3
1961 S.6 4.4 78.6 1.2 21.4
1962 6.7 5.4 80.6 1.3 19.4
1963 6.5 5.0 76.9 1.5 23.1
- 1964 7.5 6.2 82.7 1.3 17.3
1965 7.0 6.3 90.0 0.7 10.0
1366 8.6 7.9 91.9 0.7 8.1
1967 7.8 6.3 80.8 1.5 19.2
1368 12.9 10.0 77.5 2.9 22.5

) £7119
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TABLE 5: Summary of Production levels at Diamond.
Figures are Average Moothly Production Amounts

Time Period TCP 2,4,5-T(1lbs)* 2,4-D(lbs)* Orange (gal)**
1/66-3/67 ND 56,000 641,200 ND

4/67-10/68 177,726 195,596 701,208 31,897
11/68-1/69 84,207 156,213 571,126 0

*1bs refer to acid equivalents

*% ] gal Agear Orange requires 4.2 lbs of 2,4,5-T (acid equivalent) and 4.5
lbs of 2,4~D (acid equivalent).

- D 67120
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TABLE 6: Relative Production Levels of 2,4,5-T and 2,4-D

Total Acid 2,4,5-T . 2,4-D
Time Period 1bs/zo lbs/mo = of Total ibs/me T of Total
1/66=3/67 637,200 56,00 8.0 641,200 92.0
— 4/67-10/68 896,804 195,596 21.8 701,208  78.2
11/68~1/69 727,339 156,213 21.5 571,126  7B.5
)
o} 57121 -7
‘ o
— g ATF S - aa T = T g > . g - i aend /

... MAXUS037219



PR 2 N TS S LY LY 2 P S S

. e -

Job Titles of Hourly Workers (from Card Flles)

Operator (1lst,2nd,3rd,4th class)

Operator Trainee

Head operator

TC? Qperator 20d, 3rd class

TC2 Operator trainee

Production Helper

*Platform operator

*Centrifuge Operator/Ester 2,4,D
Trainee

*Flaker Operator

*Melt Operator Trainpee
*Whse sol. oper. 3rd cl.
*Productica

*Material Haadler
*Stockroom Belper
tGeneral Worker

*2,4=D Centrifuge

Maintenance (1lst,2nd,3rd,4th c¢l.)
Maintegance Leader

Maintenance Helper

Majintenance Helper

Mechanic(3rd cl.,lst cl. special)
Welder-Mechanic

Janitor

Lab assistant
lab technician
DDT Helper
*Painter
*Labrication man

* These titles were found only on one or two cards.

67122
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TABLE 8 ' .

Job Titles of Salaried Workers:

A) Possibly had routine presence in production areas;

Clarification Requested.

Plant manager

Superintendent—-Newark plant

Process eungineer

Technical superintendent

Production and maintenance superintendeant
Operations superintendent

Shift supervisor

Maintenance Foreman

Design engineer : ,
Engineering trainee

Development engineer

Production supervisor

Hourly operations clerk/Relief Shifz Supervisor
Summer Trainee

Chemist, Jr. Chemist, Ag Chemist, Chief Chemist,
Tech Staff Chemist

lab Technician

Manager, Technical Staff

Field Supervisor Bourly

Persounel and Safety Supervisor

B) Cleriecal Workers, assgumed to have uo presence

it production areas; c¢larificatiop rsquested

0ffice Mapager

Cerk
Eaployee Relations (Personnel) Supervisor

Receptionist

Admin. Secretary

Acct. Dept.

Shipping and Billing Clerk
Payroll

C 67122
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TABLE 9: p-Dioxin Measurements Reported .
In Diamond Document “p~Dioxin Review™, Dec. 23, 1369 -
by F.G. Steward :

Date Sample Dioxin Countent(pom)
May 1965 403 TCP Solution 25 - 40
40% TCP Solurion
(diluted and filtered) None
Recovered trichloroaniscle 73
i‘_ . Recovered methanol None
~ . *T* acid (7 lots) under 10 (3 lots)
11-40(4 lots)
June 1965 Plant streams 8Q-140
June 19635 Filtration “markedly
reduced”
Sept. 1965 'T* Acid Sample
Lot 123 13
ot 124 26
Lot 281 7
lot 282 7
Jan.~Har. '68 2,4,5~-TCP 3.8
Apr.=June - 0.9
Jul.=Septe. - 0.2
L Oct.-DeC.. - 9-0 x
Jaz.~Mar. .69 3-2
Apr.June - 1.7
Aug. '69 Plant suspended operations

*#(Due to labor dispute which delayed column cleaning)

D §7124
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TARLE 10
Major Process Changes, With Notatioms About Chloracne
Jan. 1951 Initiated preduction of tetrachlorobeazene (TCB) from
monochlorobenzene. Chloracme occurred.
Jan. 1952 Terminated TCB production. Initriated purchase of TCB from

Hooker. Chloracne ceased.

S (Month?) 1954 TCP process change made from water purificatioo plus
filtration to a steam distillation technique. (hloracne
appeared 6 months later.

Feb. 20, 1960 Explosinn in TCP autoclave. No chloracne. TCP Building
destroyerd. Production ceased.

(Mouth?) 1961 Yew TCP unit opened, with new equipment. Melt procesa for
T-ncid iairiated.

Sept. 1967 Charcoal filtration unit installed for removal of dioxin
from TCP )

(Month?) 1967 Newly constructed 2,4=D unit opened.

August 1967 2,4,5T production switched to old 2,4~D equipment and
locations. )

k\~’ April 21, 1969 A report to R. Chonoles from F. Gordon Steward is entitled
“NaICP Patent Application”.

August 1969 All production termipated.

0 67125
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ARALYSIS OF TCP FO3 p-DICKTN . A

'l
¥

PROCZDUF=: A3 equivaeleat of 50 grams of 100% TCP (exazple: "250 gr2zms of
20% TC? = equivelext of 50 grems of 1003 TCFP) 1is weigned 1ato
e jodipe fl=sx (500 ml) end 5Cec of berzene ars. sdded. This
oixture is agitated for 2 hours 22d $he mivsure treosferred to
& separatory fuznel, The botiom (TCP) layer is discarded acd
the benzens layer filtared through glass vool into a 10Cec beak-
er, evapor=ted to Scc and transfer—ed to a 1Cce volumetz4e Zlask
vhich is brought to mark with benzeae. This seaple is injected
vs. & 100 ppa p-diaxin standard.

Tecperature °C . 25
Attezuazion - 8
Range - 10

L, Sezple Size - 1
Coluan - 5/" 54 S2 30 oo Cirezassorh W 60/80

CALCULATICNS: ppm p-Dicxins=(pom of standard) (zeak beight.of sazple)
Peak height ¢ standasd x §

COIDITIORS:

SE 30

- .c - \l ) ..
- ' .
. I .

—3pn ; !
i

\\f\‘t/ sTo _ ;.\/;/ 4 :':‘;::i“’
v
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)
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CCRDITICNS: RalCP (After purificaticn columm)
Bo p-Dioxin crese=+
Condision: *
C=35'5% sz 30
A = 10/8 ,
S=21.0
T a 245" on proportiozel ecosirollier
Gas Rates:
Aix = 11.5 op rotozetar
delium = 9.5 on rotczeter
Eydsogex = 6.0 e

4 S

# PRI

o3 Y9900,,,

) 47126

e T T T e R MAXUS037224




o ey R ovammn, e e T e e B o i, TSR e SR -
FIGURE 2
. NaTCP PROCLSS FLOW DIAGRAN
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FIGURE 3 .

2,4,5-T Process Flow Diagram
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