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Sumnary of F1nd ngs

A cligvcal and epwdem1olog1ca1-study of 436 subjects from a plant making_
2,4 5 T fﬁzh 1948 69 was carr1ed out. The subjects in the data analysis consisted
of 4%& uhrxe males: 204 subjects were defined as exposed, 163 nat exposed, and
there uere 51 subjects whose exposure was questionable. The remaining 18 who were
not included in the epidemiological comparisons were 5 black males, 10 white
females, 1 male American Indian, 1 male of Hispanic orfgin, and 1 male not employed
at Monsanto but exposed to material of the runaway reaction as a child. Since the
number of this group was too small for comparisons they were not included in the
statistical analysis.

The data on each subject included historical informatdoo about illness from
childhood to'1979, results of a comprehensive physical examination, clinical
laboratory tests, organ function tests and x-rays.~

The ana1y515 of the data on 418 subJects indicates the fol1ow1ng

D ¥ ChIOracne is the dramatic c11n1ca1 hallmark wthh clearly separates che

.' exposeﬂ;from the.not exposed ‘or those of quest1onab1e ‘exposure; 86% of the 204

exposed deve#oped chloracne and this condition persisted in 52% of the exposed

5 . -

: 4
There were no cases of., ch1oracne in the not exposed . or those of quest1onable

. N -.-3
) e ’b .
exposure. . P o

2. Actinic elastosis, a degenerative condition af%etting the elastic
tissues in the derm{s is known to be related to the degree of exposure to sunlight
and is- age andEskin coloration dependent. In this study the frequency of act1n1c
elastos1s was gﬁ% in the exposed as compared to 30% in the not exposed.. When
corrected for age there was still a s1gn1f1cant d1fference between the-exposed and

not exposed; A biologically significant cbservation indicates that actinic

elastosis in the exposed is found predominantly in subjects with persistent
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examination among both the exposed and the not exposed groups when the >50 year old
were- ¢sompar™d to the <50 year old. The pulmonary function examination revealed
consistent differences in all parameters (FEV, FVC, FEVj/FVC, and MMEFR) between
the exposed and not exposed groups only if they are present smokers. The
confounding factors were that the exposed group was 10 “ears older than the not-*
exposed and that 13 of the exposed were coal miners before they started to work for
Monsanto. Among current smokers with no coal mining experience however, there
were significant differences in FEV®, FVC and fttERR between the 2,4,5-T process
exposed and the not exposed.

7. When clinical [laboratory data other than lipids were reviewed no
differences were found between the exposed vs. the not exposed, the chloracne vs.
no chloracne group.

8. Lipid findings were considered separately and in relation to exposure,
age, and the presence of chloracne. When exposure alone was considered there were
no significant differences in the frequency of abnormal levels in all parameters
tested. Frequency of abnormal HDL levels however were-somewhat greater in those

‘ 0
with persistent chloracne” than those who never had or formerly had /Uchloracne and
there was a greater frequency of abnormal LDL levels among those who only had a
history of chloracne. Since the total number of abnormal values 1is small, the
biological significance of these statistical differences is uncertain.

9. In the rreurobehavioral aspects of the study no differences in
neurological examination findings between the exposed and not exposed groups were
found that were not age associated or with other known etiologies such as
extensive burns, W.W.Il 1injuries, cervical nerve damage, cervical spurs, etc.

In full recognition of the inherent problems associated with carrying out and
Interpreting nerve conduction velocity tests, a critical analysis of the

qualified subjects was made. No significant differences in motor and sensory
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unctioos“were observed between the exposed and not expased groups, between thase

wholhad cb]oracne and those who did not, after adJust1ng for age.

2 In éZe interview, quest1ons were asked about nervousness decreese in libido -
andzjmpotgnce. -Nervousness was reported more frequently among the older exposed
group than the younger exposed group. Recognizing the cultural considerations
which infloence replies to questions about sexual. matters, decreased sexual
desire was reported more frequently'among the exposed than the not exposed.
However, it should be noted that there was a 10'year difference in mean age betweeo
the exposed and not exposed. When the two groups were compared on the basis of
age, the differences in sexual desire and impotence were age related not exposure
related. | |

10. Reproduction considerations

Again recognizing the inherent defects in the method of eliciting

c]inical 1nformat1on, no 519n1f1cant d1fferences 1n the frequency of b1rth

defects. st111b1rths and miscarriages were found when the exposed group was

11. An ynusual problem encountered only among the expozed were three cases
of Peyronie's Disease. ) This problem is characterized goy induration and
‘'subsequently fibrous scarring of the corpus cavernosum of ﬁhe penis producing
distortion on erection. This problem is not known to have:;nx reletionship to

toxic exposure.

2.‘1'7':01}1
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Histor1Cai RZView

In 1949, at a plant of the Monsanto Chemical Company, Nitro, West Virginia,
a runaway reaction occurred involving one of three autoclaves in Building 41 in
which trichlorophene] was being prepared. This process accident occurred on
March 8, 1949, woen under abnormal temperature and pressure conditions the safety
valve and pipe connection of this autoclave blew out and the contents scattered
throughout the interior of the building as well as the surrounding terrain and
structures.l The employees who were asked to clean-up the building and repair

the damaged autoclave were the first to develop symptoms. They were chemical

operators, pipe fitters and other maintenance personnel. The acute symptoms in-

...Cluded irritation of- the respiratory tract and eyes, headache,.dizziness, nausea.. . _ .

.and a severe irritant reaction of the exposed skin. Aftef*tho initial acute
symptoms subsided, w\thln 10 days to 3 weeks, an acneform eruption and other
health effects were noted. The clinical findings, at that time, were acneform
lesions, severe muscle pains affecting the upper and Iower extremities, tharax
and shoulders on exertion, easy fatique, nervousness and;haﬁtabiiity, the com-
plaint of decreased libido, dyspnea, vertigo, and intolerance to cold. Of the
four workers who were hospitalized in Cincinnati in 1949 fortstudy, all had en-
larged and tender livers, one manifested sensory loss in a foot. Clinical lab-
oratory findings included severely delayed prothrombin time and a slight
increase in total serum lipids. Histological examination of a nerve biopsy in
the worker with pedal sensory loss demonstrated myelin degeneration. Foliow-up
examinations were conducted in April of 19501 and subsequently, in 1953.2 In

April of 1950 the original four and five additional subjects were seen. In 1953

e | 23774%



a totaﬁ of ‘}'subjects were examined, seven of those having been séen in 1949 and
1950., Aftﬁr four years had elapsed, those symptoms and findings observed
1n1t1a11y wh1ch were referrable to the nervous system and liver were no longer
found. Those with moderate to severe chloracne had improved considerably; there.
was some persistence of the acne in those so affected.

In 1977-78 a mortality siudy3 of the group known to have been exposed to the
material of the runaway«reacfion was conducted. This population coﬁsisted of 121
males. The follow-up Qas 100% complete fér death certificatg informqtion.
Standard mortality ratios for all causes of death were de%ermiﬁéd.

In 1957, 2,3,7,8 tetrachloro-dibenzo-p-dioxin (TCDD} was identified as a

" toxic and acnegenic contaminant of trichlorophenol synthesis.4-5 Since that

time a considerable amount of scientific data has accumulated about the toxi-

cologic and clinical effects. associated Qith exposure to the. trfehlorOphenollm_w;

process, to 2,4,5-T synthes1s and to the contam1nant TCDD in man exper1menta1

anlmals, and in vitro research models.-%;ge sub-acute effects which have been

.'. Y

repeatedly observed in humans.iuclude chfkracne, the most cons1stent ¢linical.
marker liver function Imparri::t perwpheral neuropathy, nervovsness and irri-
tab111ty, sensation 1mpa1rment persona]xty changes porphyr1a cutanea tarda as
well as_hypertr1chos1s~and hyperpigmentation: E]evat1on of serum cholesterol,
triglycerides, GGPT and alkﬁiine pHOSphatase have been reparted.

Toxicologic examination of TCDD has revealed hepatotoxic. effects and

teratogenic effects in rodents, suppression of cell-mediated immunity in micé

and guinea pigs and the induction of hepatic carcinoma in rats.

237746



Some of the é]inical reports appear to have been concerned with the asso-

cwatlon;of c%d igbascular dlsease and an increased r1sk for cancer in populations

expo!ed to TQQD.

0BJECTIVES OF STUDY s

"23 The objectives of this c¢linical study were to determine and identify the
possible long-term Health effects of chemicals associated with the making of
2,4,5-T, including 2,3, 7 8 tetrachloro-d1benzo -p-dioxin (TCDD) and to determine
the increased risk for those adverse health effects which have been observed in
the sub-acute phase or sub-chronic state in man as well as the effects which have
heen noted to occur in experimental animals including rodents, rabbits and sub-
human primates. fhe objectives of the study, as reflected in 1ts de51gn were
to determine increased risks for cutaneous, pulmonary, cardiovascular, gastroin-
- testinal, hepatic, .renal, neurobehavioral prob]ems,_repnoductiyg,prob]ems,‘bjr;n
_ defects, endocrinologic effects, effects on lipid metabolism, susceptibility to
infection and the possibility of increased risk for cancer. | |

A most appropriate population for this stﬁdy consistedlﬁf the employees and
former employees of qusihgo Industrial Chemicals, Inc., Nitro, West Virginia

who were involved in the manufacture of 2,4,5-T from 1948 to 1969.

STUDY DESIGN

The study design origfnally proposed the following three cohorts on the
basis of company medical records.
(1) Current employees, former employees and retirees who were exposed
to the 2,4,5-T process during the period 1948 to 1969 and who were
krown to have chloracne and/or other clinical manifestations Attri-

buted to the process.

237747
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(2) Current employees, former employees or retirees who were exposed to *

- a ZE‘ ,9-T. process during the period 1943- 1969 but who werp not known

3 tdédeveTop c:Toracne or other c11n1cal manifestations attrlbutable

‘. tq the process. oL ' ' ﬂi‘.

(3) Current employees, forme? emp]b&ées and.rgtireéé wép‘were not exposed

| to 2,4,5-T process and have no record of chloracne.

In ihe plannind stage, it was anticipated that approximately 150 subjects
would be available for the study in each of the above cohorts. It.was estimated a
total of 400-500 employeés and former employees would participate in the study.
Both management personnel and members of the Medical Department of the Monsanto/
Nitro plant did an excellent job of recruitment of subjects for the study. However,
"1t was recognized during review of questionnaires, including work history
interviews as well as bgﬁfician interviews and physfcal examination, that the
: .participating.subjects_diﬁnnotufulﬁilL:some of the .criteria for.these original

7cogpr§.rgguiremgnés. Selection bias was a factor in voluntary participation. No
subject was excliuded from the exggination. The number in the exposed cohort ex-
ceeded the number in thfhbn-exposed cohort. ﬁubjects, Qho had never claimed or
been observed to have had £h1oracne, were found to have history and/or residual
chloracne upon examination. There was disagreement with regard to definition of
exposure, i.e., exposure and intermittent exposure. On the basis of information

gleaned from questionnaires and company work records t- -ee cohorts were consti-

tuted: 1) those who were c]eﬁr]y exposed to the 2,4,5-T process or its components;

2) those who were clearly not exposed and 3) those who were questionably exposed.
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HETHODS AND HATERIALS

THe desggn of the study and on-site survey were directed by Or. Raymond R.
Suskxné Theé1nterv1ews and clinical examination of 436 subjects were conducted
during the week “June 11-18, 1979, in the Putnam County Health Center in
Ninfield, West Virginia by members of the bepartments of Environmental Health and
Dermatology of the University of Cincinnati Medical Center. Personnel from the
above departments included physicians, nurses, gradﬁate students in the De-
partment of Environmental Health, technicians and interviewers. An average of 60
persons were examined per day during the study, with fewer persons seen on
Sunday. The questignnaire and study program is found in Appéndix I.

The complet:;examination included: an interview, clinical lgboratory
examination of blood and urine, pulmonary function-tests, ECG, chest x-ray, nerve
conduction'veiocity'measurements, and a complete phy;iﬁai examination, including.
'skin ‘examination by-dermatologists.: During—theAdermatoiogical-examinatibn,u
biop51es, skin_scrapings, and photographs were taken as deemed appropriate by the
physician and when agreed to by the participating subJect The nerve conduction

velocity measurements were obtained for most sub;ects from two nerves: the

[ 4
-

~ peroneal nerve for motor function and the sural nerve for sensory function. In

a relatively small number of subjects (22) nerve conduction measurements were
made on the ulnar nerve.

Clinical laboratory analyses included: blood calcium, phosphorous, BUN,
creatinine, BUN/creatinine ratio, uric acid, glucose (CS), total protein,
albumin, globulin, albumin/globulin ratio, tot§1 bilirubin, direct bilirubin,
Transaminase SG0, Transaminase SGP, alkaline phosphatase, LDH, cholesterol,
fron, total 1ipids, sodium, potassium, chloride, G-glutamyl transpeptidase,

triglycerides, CBC and differential, thyroxine R.I.A., thyroxine binding glo-

" =l



bulins. Urinalysis included routine examination as well as coproporphyrins and
uroporbhyrijr.* Blood serum 1ipid fraction examifiation completed by the Lipid
,Research D1v§s1on of the Univers1ty of Cincinnati Med4ical Center 1nc1uded serum
cholestero] " serum tr1g1ycer1de serum HOL, and estimated serum LDL.

Chest x-rays were read by members of the staff of the Department of Radiology,
Unive}sity of Cincinnati Medical Center, under the supervision of Or. Jerome
Wiot. ECG's were 1n€erpre§ed by-Dr. Te-Chuan Chou of the Cardiology Division,
Depaftment of Internal Medicine, University of Cincinnati Medical Center. Skin
biopsies were prepared and read by Dr. Daniel Richfield, Dermatopathologist.
Skin scrapings were cultured at the University of Cincinnati. Dr. A. Blair Smith
initiated the examination of the data. Or. Vicki Hertzberg, of the Biogtatistics
bivision, performed all of the statistical analysis described in this report.

Data from the questionnaires were coded‘in the conventional manner b}
~assi-grr-i-ng~numerica-]'--va-lues~to-the~responses given. Normal-andnabnormallfindinés
hlstory were coded using the SNOME05 system. Chest X-rays were coded by obser- :
vations and conclus1ons drawn by members of the;Radig1ugy§%epartment Ecs-i
findings were entered as 1nterpreted by members of the D1v1sian~of Cardto1ogy,
Department of Internal Medicine. ECG findings were reviewed with the subject's
history, clinical findings, and chest x-rays in order to determine significant
ECG findings. Laboratory data were entered as received. All data were
keypunched and verified by khe University of Cincinnati Computef Center. The
keypunched data were then compared to the original files of the study subjects

for accuracy. A computer file containing information from the questionnaires,

* Values for urinary coproporphyrin and uroporphyrin were determined from a
single void sample rather than the required 10 ml. aliquot of 24 hour volume;
hence levels outside of the normal range cannot be regarded as significant.

-10-
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physical examinations, laﬁoratorg.findiﬁgs-ﬁas created. All extremely large or
small values, for each vériab]e were checked against the origih$1 values in the
study. subJeé; s files. Following this second edit for accuracy of entered data,

analys1s of aata began u51ng statistical programs available through.the Statis-
tical na]ys1s System (SAS) computer package. The statistical procedures used
are briefly describe&:in Appen&?x 1I. As the analysis progréssed, ﬁeriodic

editing continued so,as to insure the greatest possible accuracy.

.THE SUBJECTS OF THE STUDY

The total number of subjects in the study is 436. There are 419 white males,
5 black males, 1 male of Hispanic descent, 1 male of American Ihdianﬁdescent, and

10 white females. One subject among the 419 white males was a 36-year o1d who was

exposed to runaway reaction residue in 1949:at the age of 6. .Since hewas not an

employee, he is not included in the data analysis. Since the number of women and

" non-white males is too small Egﬂﬁémhéénfnéfﬁjuwtﬁé} are not included in the

remainder of "the analysis.™ A-brief descr1pt1on ‘of these subiects however, is

contained in Appendix III. Information about sex, race educ'f on_and agg range

is found in Table l.

The cohorts designated by exposure are defined as fo]lowégl
Group I - no exposure: 163 subjects
Group Il - exposure, without qualification: 204 subjects

These subjects were involved in process and production and include
pipefifters, electricians and all other employees working in or around
the 2,4,5-T process.
Group IIl - questionable exposure: 51 subjects

This group includes laboratory and supervisory personnel noﬁ in-

volved in production, but who occasionally handled 2,4,5-T or were around
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the production area for short perlods of tlme, laboratory pensonnel who
warked m laboraxor'te,s where 2,4, 5<T was analyzed,” byt did-net- actually

and}e khe mater1al carpenters who worked in the buildings of 2,4,5-T
p;educfion occas1ona11y, supervisory personnel whose main work efforts
- were in offices, but occasionally toured thé bui]dings where 3,4,5-T
was produced, and warehouse emplayees who described handling all types
of finished prqgucts, including 2,4,5-T.
For a number of the analyses, the clearly exposed group was compared to the
clearly not exposed group. Group III constituted a suspected exposure category.

We report comparisons of -the latter group with the clearly exposed and not

" exposed where pertinent.

g v g
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RESULTS

ﬁ. mographic Information

éﬁ . %i;ograph1c data of the 418 white males were examined to determine
potent1al1y confound1ng variables. Data on all subjects are found in Tables 1-
4. The three groups were‘found to be significantly different with respect to
employment status {p<0.0001) (Table 2) and the highest education level achieved
(p< 0.0001) (Table .3). - 34.8% of the exposed were retirees and therefore in an
older age gfoup, whereas only 13.5% of the not exposed were retirees; 9.8% of the
exposed were terminated, Emong them, employees who left the qompany in the era of
1949-1955 because of the health problem attributed to 2,4,5-T, whereas only 0.6%

of the not exposed group were in the category of terminated. .The mean age of the

‘not exposed and ‘questionably exposed groups was ten years younger than the

exposed group (Table 4).

B. Alcoi®l and Smoking Use

= ; History of alcoho] consumption was found not to be s1gn1f1cant1y B

..-

: d1fferent in. the three group (Table 5) when smok1ng status (current former,

never‘ aas,used as the criteria there<was no difference between the exposed and
not exposed dgroup (Table 6). However, when the two groups were compared for pack
years émoked,,;he exposed group was significantly higher than the nat exposed
group (Table;S)l When present smokers were compared there was an afmoét 20 pack

year diffefence between the exposed and not exposed. The}e was a difference of

9 pack years between the exposed and not exposed group in the forﬁer smokers.

This probably reflects the 10 year age difference between the exposed and not

exposed group and the heavier consumption of cigarettes in the exposed group.

-13-
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C. Family History of I1lness

/ Fégily history of illnesses were compared; the results are given in
Teble'}. Aii of the eomparisons are mﬁde usingiFisher's exact test for'? X é
hfab]es: Famgly-history of hayfever was fogod to be reported more often in the not
exposed group (0.0l<p <0;05). A family history,o?‘hearo attack or angina after
age 60 was reported significantly more often in the exposed group (p<0.01).

D. History ofsMedical Problems

The comparison of the exposed and not exposed cohorts for illness
elicited by medical history is given in Tables 8-9. Chloracne is reported more
frequently in the exposed group: 86.27% {n the exposed vs. 0.0% in the not
exzosed and quest1onab1e exposure group. In the not exposed group, acne vu?garis

-occurred more frequent]y than in the exposed group. A histery of ﬁbﬁé{ gastro-

intestinal ulcer occurred almost 4 times more frequently in the?eﬁposéd“group‘

—— e — —— e ag

. ... than in the not. exposed. group (p~<0 005) when the med1ca1 h1story of the ex-

posed and not exposed are compared for two (2) age groups, less than 50 vs. 50
years and older, skin cancer and cerebrovascu]ar acc1dents are on1y related
to age n&ffexposure; exposure, not age, appears to QS‘Q factor in the history of
~ upper gastrointestinal uicer. Hypertensioo and coronary artery disease occur

more frequently in the older age group irrespective of exposure.

E. History of Medical Problems in Populations With and Without éﬁ]oracne
Since chloracne appears to be the prime clinjca] indicator of.
exposure, absorption and biological response, the study subjects were further
classified into thoee sub-groups within the exposed populations; %.e., those who
never have developed chloracne, those who had a history of chloracne but which

was not observed in the 1979 examination and those whose chloracne persisted and

-14-
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uas noted on.olinica1 examination (Tables 10-13). Among the 204 c1ea&1y:exposed,

176 dev"‘elopei ch]oracne a_t some p‘eriod. Of these, 107 were found t; r:Iave c-hlor-':
acne on—exam'@at1on Among the not exposed and questionably exposed, there were

none who presented a history of chloracne nor were they found to have evidence of .
chloracne on examination. In both age groups, history of upper G.I. ulcer is °
more freguent in those who had chloracne than those who did not have chloracne
regardless of exposure (Tables 10 and 11). As in the exposed versus not exposed
group, the history of hypertension, cerebrovascular accident (CVA) and coronary
artery disease are c]earlp age-related, not chloracne related.

When the clinical histories of the exposed population only were examined in
relation to the histor} of and/or presence of chloracne, the same observations
are made about angina, hypertension and coronary artery disease in that they are .
age-related not chloracne related. In the exposed group there is no association
between the history of-upper~G;P7 dlcer- and-chloracne {Table -12)..- - - - -

Although there appears to be a stat?stically s1gn1f1cant _relationship

between exposure and hlstory of upper G I. ulcer, a closer exam1nat1on of the ..

tempora] sequence ‘of exposure and onsét of. (YCer revé?ﬁs six sdbjects in the .

exposed group and one subJect Tn the quest1onable group whose symptoms of ulcer,

T d

occurred prior to exposure. In add1t1on there are four subJects anong the
exposed group whose ulcers were related to cortisone therapy, ASA tuerapy or
alcoholism. If these 11 subjects are omitted from the analysis there are then 32
of 194 (16.49%) of the expoged group reporting ulcer vs. 9 of 163 (5.52%) among
the not exposed subjects. This difference is stetistica]]y significant upon age
adjustment {p=0.01). However, if the seven subjects reporting history of ulcer

before exposure are considered to be not exposed subjects because of the temporal

sequence, there are then 32 of 194 (16.49%) of the exposed group reporting ulcer

~15- 237755
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“ys. 16 of 170 (9.41%)."This'difference is not statistically significant upan age
T adjustments L . RS
’ Other potentially confounding variables were examined with the following .
! s < .
Y . ¥

- :
(1) There was no relationship fouhd'bépwgen exposure dategory and history

results:

of ulcer among never smoking subjects. -

(2) Among formerly smoking subjects, 24.10% (20 of 83) of the exposed
group reﬁort history of ulcer compared to 6.85% (5 of 73) of the
not exposed group {p< 0.005).

(3) There was no relationship found between exposure category and history
of'uléer among presently smoking subjects.

(4) There was no relationship found between expo;Lre category and history

of ulcer among the three categories of alcohol drinking (never,

former, and present).
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277 The following is a breakdown of data designating exposure vs. ulcer type and

‘treatment: . i e : &

. >
- - "
DRI
RN -
= -
3

' : . . . Questionable -
History of . Not  €xposed Exposed Exposure
{(n=163} {(n=20%) (n=31)
# % # X ¥ - b4
Gastrointestinal Bleeding 0 5 0
Upper G.I. Ulcer ~ 9 5.52 42 20.59 6 11.76
Site as Reported ' ’
Peptic ' 3 9 1
Stomach 4 21 3
Duodenal 2 12 2
Treatment as Reported
Did not'Report Treatment 13 - 3
No Treatment : 2 3
.. Treated with Diet.-Only . . 4 . _
Medical Treatment "7 10 o 2
Ulcer Symptoms-Relieved - - . . - - 2 A |
with Hiatal Hernia
Repair
Gastrectomy . 3
Partial Gastrectomy - ~ 1
Surgical Treatment of ' :
Ulcer, NOS
Probiems Now 3 8 B 1

These data have the additional problem of being breva]ence figures only as
opposed to incidenée rates./ Also, report of upper gastrointestinal ulcer and
designation 6f ulcer by site is crude at best since neither examination by
gastrointestinal x-ray, nor endoscopy diagnosis was available.

Hence, while these data are suggestive, conclusions cannot be drawn due to

the equivocal findings and the crude nature of the data.
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*.F.. Physical Examination Findings . .

-.-__‘ 1

m-.._,._'

h %he phys1c8i eRhm1nat1on revealed a Qlde range-uf findings. These are
cited:in a cqmprehens1ve list in Append1x I¥. The significant clinical findings
were those assoc1ated with the skin and appendages. connective tissues, and
sex:el comp1a1nts. The d1scernab1e abnormalities referrable to the card1o-
vascular, pulmanary, hepat1c, hematopo1et1c systems, and nerve function were
largely determined by objective tests in this study. These will be discussed
under organ function tests, radiography and clinical laboratory measurements.
The significaﬁt clinical findings as related to exposure status are
found in Table 14 and 15. As was indicated previously 52.45% of those who were
clearly exposed stil) had chloracne. There is a significant difference in the
frequency of acne vulgaris among the not exposed as compared to the expased,

11.66% versus 1.96%. Among the exposed 120 or 58.82% were found to have actinic

-elastosis_in contrast to 49 (30.06%) among the not exposed and 39. 22“_mnong the

quest1onab1y exposed There is a very s1gn1f1cant difference in the occurrence

— .-r-_. -

of actinic elastosis between the exposed and not exposed in both age groups even
hough-age 1s 2 fattor in this clinical finding. There is a rather unigue find-
7; 1ng of 3 cases of Peyron1e s Disease among the 204 -exposed. " A1l of them had

ichloracne at some time and they were all over 50 years old.

. ;; Rosacea and rhinophyma occurred in 4 exposed persons over the age of 50
and 2 questionably exposed. The complaints of loss of libido occurred mare fre-~
quently in the exposed than‘the not exposed. When age was considered, the largest
number of complaints of loss of libido or impotence occurred in the older age
group but there were greater percentages of cohplaints about these problems in

the exposed group as compared to the not exposed.

237758
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Tables 16 and 17 identify the clinical findings in the exposed popu-
latien in relation to chIoracﬁe status. In these groups, actinic elastosiy is
found predomégantly in the subJects with pers1stent chloracne (74.8%) but it also
occurs s1gn1f1cant]y in those with a history of chloracne only (46.38%). }1 cases
of malar hirsutism were found among the exposed in the persistent chloracne cases
(10.28%). 9 of these 1l cases occur in the group over 50.

Table 18 1isgs the sites and severity of chloracne observed on physical
examination. The distribution and severity of actinic elastosis is presented in
Teble 19.

Since there appears to be some association of actinic elastosis with
ehloracne further analysis of this relationship with respect to severity of
chloracne and severity of actinic elastosis was carried out. These analyses are
presented in Table 20 and Table 21. Of the 67 mild cases of residual chloracne,

44 had actinic elastosis. Of the 36 wa;h moderate ch]oracne 3 had actinic

elastosis. 33%-of the acttnlc e]astos1s cases found Hlth chloracne were severe.

- .r.,.._ - _.g_' ]

It wou]d appear that the percentage of persons thh severe acti;vc;elas;051sejs"--

rel;ted to presence of chlocacne (?ab%ei21)‘ In othar words a< nLi

appears o be mo;: severe when found with_chloracn

ce - .A'.‘-..n
v "’o -

ok

B]ood pressure findings at.the t1me of exam1nat10n {5; he - exposed ;
quesilonably exposed and not exposed groops are presented in Tablef22 Nhen

the cr1terlon for abnormal systolic and diastolic use different values for the
groups <59 (140/90) and »60 (160/95), there appears to be no significant

differences between the exposed and not exposed group. These criteria are

stricter than that proposed by the National Heart, Lung and Blood Institute.8

237739
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" G. C]inical Laboratory and Other Test Findings

: 3 Because of the suspected relationship of serum 11p1ds to exposure

- to 2,4,5-T a}ld its contaminants, serum lipids are analyzed in several ways. Serum

cﬁo]esterol, triglyceride, LOL, and hﬁL were claszified by age-specific per- :%"
centiles as determ}ned by the National Lipid Research Project datad (See Appendix
V). Serum cholesterol, triglyceride, and LDL were classified as "abnormal"” if
they fell above the goth percentile, and were classified as "normal® otherwise.
Serum HOL was classified as "abnormal® if it fell below the 10th percentile, and
was classified as "normal*® otherwise.~ The frequency of abﬁorma] lipid findings
are compared for exposed,. not exposed workers and questionably expo§ed (Table
- 23), and no significant differences are noted in cho]esterol,_kriglycerides, HDL
and LDL_]eve]s. These relationships are further investigated within eachllevel

- of smoking.status (present, former.and never) {(Table 24).- Smoking.appears to.have... ...
no effect on the d1fferences between these groups Logtst1c regression was used

vw

to detect associations of abnormal serum 1ip1d f1nd1ngs w\th exposure. After

e o .
Pt PR

adjusting for pack years smoked, ne signxficant diffeﬁencss bei _ exposed-and
not exposed could be found- o ;lff‘ “',:1fg§§§;gffﬁ'

Multiple ]inéar regression was also uséd éo 'éé%iéi. possiblé .
'ﬁhifts" in the mean serum lipids for the two exposure groups af ter correcting
for the effects of age, tobacco, and alcohol. In all cases (cholesterol,
triglycerides, HDL, LDL) there are no significant differences between the two
exposure groups affer adjusting for the effects of age, tobacco and alcohol.

When the lipid levels of the exposed group only are examined in
relation to the occurrence of chloracne, the HOL levels in those with persistent

chloracne are found to be somewhat lower than of the group with a history only of

. DA™y N



_xch1oracne‘or fhose who never had tnloraone (Table 25). Those who had a hietory

on]y of chloracne have somewhat higher LD levels than those who had chloracne
currently o;%never. Among former smokers in the exposed group there is a greater
frequency oé abnormal triglyceride and HOL levels among phose with residoai
chloracne than those with no history or only h}§tory of chiloracne (Table 26).

Among those who smoke presently there is a higher frequency of abnormal or high

LDL levels for thoseswho have a history only of chloracne.

2) Pulmonary Function Status :

Both FEVl'and FVC were considered abnormal if the observed value
was less than 80% of the predicted value of Morris. A FEVl/FVC ratio of less than
0.70 {70%) was considered to be abnormal. The FEFZS-?S was COnsidered abnormal
if the observed value was less than 70% of the predicted value of Morris.

Consistent differences in abnormal pulmonary function values

= (FEVl, FVC, FEV,/FVC and FEF,c_,c) are found between the exposed. and not exposed B

.groups (Table 27) Among present smokers there was a 519n1f1cant difference 1n‘

© T

pulmonary functlon va]ues between the exposed and not exposed group. There are

o QIfferences in pulmonary function values. among persons who have formerly

"'3moked or among persons who have never smoked when the exposed were compared to

Q

the not exposed (Table 28).

Logistic regression was used to detect associations of ebnormal
pulmonary function parameters with exposure. The medel and coefficients are
given in Appendix VI. The.significance and odds ratios for abnormal pulmonary

function for exposed vs. not exposed after adjusting for pack years smoked are

-2i- >1TIIEA
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as follows: .
*g o Pulhoﬁéry' Significanch

5 Function of Odds
- Parameter Exposure Ratio
. FEV1 e 0.02 2.71

“FVC < 0.05 2.10

FEVllFVC ) 0.01 2.89

) FEF25775 0.06 1.82

The association of exposure and abnormal pu]honary function among
current smokers was investigated further for the confounding by prior coal mining

exposure. " None of the not exposed subjects who currently smoke had prior coal

. mining exposure. Of the exposed subjects who currently smoke, 13 individuals had

“prior coal mining exposure. Among the current smokers who had no coal mining

exposure the exposed were found to have a higher frequency of abnormal FEVl,.FVC

....and MMEFR_ than the not exposed as_follows:

] Miners
Non-Miners-Current Smokers 1 Current Smokers
PuTmonary Exposed © Not Exposed | Exposed
Function ‘{n=60)~ " (n=44) " (w=13)
Parameter # ZAbnormal # ZAbnormal Probabjlity | # ZAbnormal
FEV, 12 20.00 2 4.55 0.039 | 7 53.85
FvC 14 23.33 1 2.27 0.003 4 30.77
FEVl/FVC 10 16.67 3 6.82 N.S. 8 61.54
FEF o5 _75 18 30.00 5 11.36 0.039 8 61.54
237TIER
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3) - ECG and X- ray F:nd1nos

.F

i% Tables 29 and 30 }lst the occurrence of ECG flndlngs in the ‘ex- |

posed and not exposed as well. as the differences in occurrence when the exposed - "
and not exposed ire “separated into <50 and 250 year groups. Number of persons

with PVC's and PAC's appear to oe only age-related. Tables 31 and 32 Tist the x-

ray findings in the exposed as compared to the not exposed as well as the
comparison between the <50 and 250 year old groups. Significant x-ray findings
findings appear to be age-related but not exposure re]ated..

4) Clinical Laboratory Findings

In Table 33 the re]ative'frequency of out of normal range values

is compared in the exposed vs. not eioosed group. “ In Table 34 the relative fre-

.quency of out of normal range values of clinical laboratory findings for the

exposed group in relation to chloracne status is presented.

. ... . . ..Analysis of. . covariance was. used. to compare the laboratory__”,..-“

to compare the 1aboratory f1nd1ngs for three chioraene

o

for the effects of age, smoklng‘and a1coﬁi!'.tatus-
q 4’

Fisher's exeet.test was used to determ1ne the existence of
differences between the exposed and not exposed with respect -to the relative
frequency.of out-of-reference-range laboratory findings. The x2 test for
independence in contingency or two way tables was used to determine differences
in the three (3) chloracne groups with réspect to the relative frequency of out-

of -reference-range laboratory findings (Appendix VII}.
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In several other incideots involving the synthesis of trichloro-
phenol and 2,4,5 -T, porphyr:a cutanea tarda was observed with uroporphyrinuria.’
The expos.ed'a no; exposed and quesuonab]y exposed in this study were compared for
percentage of abnormal levels of coproporphyrin and uroporphyrins. No signi-
ficant differences were found (Table 35).

"~ 5) Nerve Conduction Velocity Data

Prior, to the beginning of the data analysis, all subjects
reporting diabetes or reporting a high weekly alcohol intake were eliminated from
the analysis (high weekly alcohol intake was defined as greater than or equal to
35 oz. alcohol per week). Affer,these deletions, there were 319 with complete
- sural examinations and 336 with complete peroneal examinations remaining. The
data from the nerve conduction ve]ocity ‘tudy were adjusted according to the
deJesus method (Appendix VIII). Tables 36-38 lists all nerve conduction
parameters consmdered. The fol1ow1ng methods of ana]ySIS were then used

R . St T . h— o, v -

a) Analys1s of covanance was used to compare the nerve
ﬂ-eL_A

conduct1on paramefers after adJusting “for age d1ffirences in- the groups. No

adJust1ng for age.

a b} Using the normal ranges provided by NIQOSH (see Appendix IX)
the exposed group has a significantly higher proportion with abnormally low
peroneal nerve conduction yelocities than the not exposed group (74% vs. 49%,
p €0.0001).  No differences were found with respect to abnormal sural nerve
conduction velocity or peroneal distal latency (not enough ulnars were tested to

say anything about them). However, Boyd points out that these ranges are not age-

adjusted. Moreover, temperature has a great effect on velocity and latency, and
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tempenatures were not reported with- these ranges. (Ranges and'appropr}ate }é-_
ferences are é@tached). Among young men (ageu<50) no difference between expose&:f
and not exposéd with respect to any of the‘parameters was observed. Among the
older meﬁ;;(agEBSO) a significantly hiéher pr:qportion of the exposed group have
abnormally low peroneal nerve conduction velocities as compared to the not
exposed group {79% vs.\57%, 0.01<p <0.05).

c) The';-score method (as used by Selikoff) was also used to detect
differences in the nerve conduction parameters between exposed and not exposed.
No significant differences were found using this method.

H. Reproduction and Birth Defect Data

In presenting this informatien it should be understood that all of the
data depended on persanal recall of such snformation as number of pregnancies,

miscarriages, live births, stillbirths, infant mortality, etc. Confounding

ahl nw rmay by =

k’factors which effect’ accuracy are obvious - e.g. inferviéwed malé 'subject only,

nagt -of subject, and change in cultural- attitudes about: reproduct1ve matters. It

fo

““_1so confounded’ by the fact that the pregnancies, miscarrwages, stillbirths

\ "; not de31gnated in a t1me perlod related to exposure e.g., pre, dur1ng, post

exeosure. ' . -

e Fisher's exact test was used to compare the reported occurrence of re-
productive anomalies in the exposed group to the not exposed group. The data on-
reproductive and birth.defect findings are found in Tables 39 and 40. No sig-
nificant differences were found in miscarriages, in rate of birth defects or

stillbirths.
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The TCP Runaway React1on Gr0qg . _ :2&

=

Among th? 204 pensons who were known to be exposed to the 2 4,5-T synthe51s
and preparat1on, there were 55 who were involved in a trichlorophenol process
runaway react%on,'which occurred.on March 8, 1949, described in the histérical
introduction. There were a total of i22 persons known to have been involved in
this accident and with its products.

This group of 55 was matched as closely as possible in age with an unexposed
group and a third group of ekposed but not to the accident méterial. Since the
range of the runaway reactfon group was 49 years and older, the matched unexposed
control group consisted of persons in the same age range, e:g.,;dé years. There

were 65 persons in the unexposed gfoup. Because of the pertentage of aging re-""

" tirees in the TCP runaway group there was still a four year age difference between

the accident group and controls. There was no difference in age between the TCP

-accident group and the -other exposed.. ln.the other_expesed. group the age range.

was 3 55. ,There_ug;e.77 subjects in. that group..” Data qpmgarisons were made
between the accident group and the?pnexposed groupéés'well as the accident groub “
and the aother exposed group. .

The following were the s1gn1ficant findings e]1c1ted

o
1) When smoking status was considered, the average number of pack years was

significantly greater in the TCP runaway group than the not exposed group by 10

pack years. The difference between the TCP group and other exposed group was 9.5

- . -

pack years.
2) A1l of the TCP exposed had a history of chloracne; none of the nat
exposed had chloracne; 83% of the other exposed group had a history of chloracne.

In the TCP group eiamined, 58.2% still had chloracne; in the other exposed 55.8% '

still had chloracne.
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"3} There were no significant differences in the current findings of chlor-

" acne and éqzinic elastosis between the TCP and the other exposed group.

'4) The percentage of persons with actinic elastosis was significantly
larger in the TCé group than the not exposed group (75% vs. 49%). The difference
in the occurrence of actinic elastosis between the TCP and other expoéed group
(75% vs. 68%) was not significant.

5} There waéﬂa significantly larger number of systolic murmurs found in
the TCP as compared to the other exposed group (12.7% vs. 1.3%, 0.01 p 0.05).
Although there appears to be a statistical difference between the percentage of

abnormal BUN's found in the TCP group (9.43% or 5/55) as compared to the other

exposed (1/73 or 1.37%) there was no difference between .the TCP group and not

exposed group (9.43% vs. 6.35%).

6) The complaints of nervousness were greatér in the TCP runaway group

"fhéﬁ'tﬁé’nothkp6§éd'Cbhtfols"(ZlJB% vs. 7.7%). In the other exposed controls the

occurrence- of nervousness was 15.9%. . : - .
7) Logistic regression was used to compare TCP runaway group to éhe not
exposed and to the other exposed group, for abnormal serum lipid find?ﬁgs, while
simultaneously adjusting for pack years smoked. No significant differeﬁces were

found in either comparison. : |
" B) In the pulmonary function tests, the number of persons thh.abﬂormal
FEV, /FVC test findings in the TCP group was significantly greéﬁer than among the
not exposed. This same difference was seen among current smokers in the two
groups. There was also a slightly greater percentage of persons with abnormal
MMEFR among the TCP group who are currently smoking than the not exposed who are

currently smoking.
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9) Logistic rggression was used.tdlcompare'TCP runaway -exposed to not

- -
'L

exposed for~§bnormal pdimonary functionwhile adjusting fon.pack years sﬁbked. No

relationshiﬁ.was found between TCP runaQay exposure and ;;normal FEVI. FYC or

_ MMEFR. ‘However,‘a significant relationship was found between this exposure

classification and abnormal FEVIIFVC, with a greater frequency seen in the TCP

runaway group (p=0.01}. The odds ratio is 4.02 for abnormal FEVl/FVC, given pack
years smoked, for TGP runaway exposure vs. not exposed. '

Logistic regression was used to compare TCP runaway exposed to other

exposed for abnormal pulmonary function while adjusting for differences in pack

years smoked. WNo significant differences were found.

237ES8
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Other Work Exposures of the Study Populahon

~ -

Other than 2,4 S-T, 1ts 1ntermed1ates, and/0r contamlnants, a]I of the
workers in the study were exposed to multiple chemicals and industrial processes
under’ varying working conditions, at Monsanto/Nitro and/or other industries, in
a period roughly between the late 1930's and 1979 (a few subjects eere born before
1900).l .

Chemicals identified by the subjects as other Monsanto/Nitro exposures in-
clude: rebber processing chemicals, i.e., diphenylquanidine; a group of benzo-
thiazolesulfenamide acceferators §Santocures®); antioxidants, i.e., derivatives
of m-cresol; antiozonants (Flectols® and Santoflexes®), most of the Santof lexes

are p phenylenediamine derivatives; vulcanizing agents such as 4,4-dithiodi-

-morpholine; insecticides, i.e., ethy] and methy]'"‘parathion. Additional chem-

icals named were phthalic an'hyd'ride, 0 and p dich]orobenzene, o and p nitro-

__ phenal,..toluene .and mercaptobenzothiazole, .derivatives of--THTD and-trimethyl=--- - -

quinoline components. One of the products, Sopanox°,~ an antioxid'ant was alleged

by the study SUbJECtS to be assoc1ated mth the occurrence of . ktdney stones. The ..
= - . %.-.
st&tk}icat%’:ﬁ'erent among the threew'b-

reparting of the HIO kldney stones 1s

-
-

One of the chemical hazards to whwch the study popu1atwn was exposed was
p ammob\pheny], a known _bladder carcinogen. Nmety—f;ve subJects, or 22.72% of
the 418_. reported exposure to p aminobiphenyl during the course of their em-
ployment. To the best of our knowledge these 5ubjects are periodically examined
in a monitoring program established by the Medical Department of the Company.
Subjects reported the exposure and the monitorin.g program during the interview

and to the examining physician. The data analyses relating to this exposure and

-2a. . . 23377 Q
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- exppsure 10, 2,8,5-T. is. as follows: L LR
expoRuT w‘ PR LT e R AR o SR I
£ . ‘ : 2,4,5-T Exposure™ -
T : ‘ Not ) . ) Questionable
. . xpose xpose Exposure
: L . n=163) (n=204) (p=5T)
# % # 4 . A 4
p aminobiphenyl Exposure 8 4.9 71 34.80 16 3.3
- .
H/0 Bladder Tumor 1 0.61 7 3.43 0 0.00
k4
H/0 B'IadderJCancer 1 0.61 2 0.98 2 3.92
* Figures are mutually exclusive
The degree to which each subject may have been exposed to othér chemicals
both at Monsanto/Nitro and other places of employment varied markedly. This fact
must be considered in attempting to inéerpret biological significance to statis-
- tical QiffeFenceé based on small occurrences. .i; - ‘ :
£
237770
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Disd_x%sion and Conclosjons

-.

-'fj’he gi:rengths ari@‘-.yeakness'es qf this study must be considered critically in
any_appraisqI. ‘of the medical significance of the data elicited from it.

| ',.'pata gleaf)ed from interviews and clinical examinations are useful but have

| some.inherjent weaknesses. Medical, work and personal historie} ﬁépend on memory;

findings of physical examinations carried out by different physicians are based on

judgments which fay differ somewhat with the examiner. Nevertheless these

constitute an important data base for making clinical judgments.

Since quantitative TCDD 'leye]s for any period during the manufacture of
2,4,5-T were not available, it was only po's;s.f;lg'le to relate effects found, to the
history aof definite exposure, no expé;sure, and ;uestionable exposure to any aspect
of 2,4,5-T production.

Since chloracne’'is the hallmark of biological activity of TCDD it was
possible-in this study to retate-all systemic and other ttft;é*"i'eous' effects td the
presence or absence of chloracne’ in the expose&group a?elil to exposure itself.

From this study one can conc]ude that fpr- '.__ose expaqsed to TCDD the dramatm

e TgRat oY
long term effects are CUtaneourandi!nvolve t.
AT Pt A
elastic tissues of the dermis.- ChToracne may persist farqs lang as I?years after
q--"' ’
onset and is assocwted with -elastic txsfue changes m the dermis and some

A persistence of malar hirsutism.

There are suggestive but inconclusive data indicating that for the exposed
there was an increased ris:k for upper gastrointe.stinal ulcer; that'émong those in
whom chloracne persists there is (although numbers are small) an association with
Tow HOL levels and further for those with only a history of chloracne there is an
association with higher LOL levels.

In those who currently smoke and have been exposed to the 2,4,5-T process

. -31- 237771
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materials there appears to be an association of abnormal pulmonary function .-

find1ngs when compared to those who smoke but who were never expased.

There is no evidénce from this study that there are identifiable long term
effects on the cardiovasgyglar system, on the liver, on the.gastrointestina1 tréct.
on périphera] nerve funciion., There is no indication, on the basis of histo?iéﬁ]
fnformation (recognizing all of its weaknesses) that there was a greater risk for
miscarriages, stitlbirths, or birth defects among the families in which the male

parent was exposed.

)
i
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| TABLE 4_17-
DEMOGRAPHIC DATA ALL STUDY SUBJECTS:

-
Males 426 419 . 5
Females _10 10 0

Total 436

HIGHEST EDUCATION LEVEL ACHIEVED

— 0 -_ath Grade T u;?ésﬁ"*
9 - 151h:Gréd§_» -
Tbta1,.;‘r S -u-:.-;

Total White Black

Other
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TABLE 2
o
PRESENT EMPLOYMENT STATUS
A . Active Retired Terminated ~ Total
* Not Exposed o ‘ | .
Number 140 22 1 163
. Percent 85.89 13.50 0.61
- Questionable - oo . . e T e e
Exposure
Number 38 11 2 51
Percent 74.5 21.57 3.92.
Eiposed
Number 113 71 20 204
Percent 55.39 34.80 9.80
Total = - 291 104 23 418
p
p < -0.0001
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Not Exposed
Number

e ae Percent .-l

Questionable
Exposure

Number
Percent

Exposed
Number ;i

.Percent

Total

ot v v

e
.
A~

TABLE 3

EDUCATION LEVEL

0-8h _  9-]2th »12th
Grade Grade . “Grade . Total
2 - tg2 - 68 - 162
1.3 . . 5679 A1.98
4 27 20 51
. 7.88 | 52.94 39.22
19 147 37 203
9.36 72.41 18.23
25 266 125 416
p < 0.0001
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