f[‘f,o' ! f—JCf)',?

Human Health Effects of 2,4,5-T
and Its Toxic Contaminants

R. R. Suskind, MD, V. S. Hartzberg, PhD

e A clinical spidemiologic study was conductsd to determine the
long-term hesith effects of workplace axposure to the procesg of manufac-
turing the herbicide (2,4,5-trichiocrophenoxylacetic acid Including contami-
nants such as 2,3,7,8-tetrachlorodibenzop-dioxin. The population conslsted
of two cohorta: 204 clearly exposed and 183 pot exposed. Among tha
exposad, clinical evidencs of chlorscne persisted In 55.7%. Nana of the not
oxposed experienced chiorscne developmenl. An asaociation was found
between the perslstence of chioracne and the presencs and savadty of
actinic elastosls of the skin. There ls an association between exposura and
the history of gastrointestinal tract uicer. Pulmonary function values among
thosa who were exposed and who currently smoked weve lower than those
who wecre not exposed and who currently smoked. The data assembied In the
study indicate no evidence of increased rizsk for cardiovasculsr dissase,
hepatic dissase, rensl damage, or centrai or peripheral nervous system

problama.
(JAMA 1984;251:2372-2380)

THE HERBICIDE (24,5-trichloro-
phenoxy)acstic “acid (2,(5-T), frst
mearketad in 1948, was used widely
unti! 1970 in large-scale f{arming,
family gardena, forest management,
and weed control slong roadsides and
railroad rights-of-way.

The medical and scientific commu-
nity was alerted to health problems
arising from exposure to the mana.
{actaring process of 2,45-T following
a process accident (runaway reaction)
that cccurred in a ph.nr. in Nitro,
WVa, on March §, 1949.' The accident

———— e ot > o —

invoived & kettls in which the inter-
mediats trichlorophenaol was . being- -
synthesized. Those employees In-
valved in the cleanup of the building
and the repair of equipment experi-
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enced acute symptoms charactarized
by skin, eye, and respiratory tract
jrritation, headzche, dirziness, and
nauses. These symptoms subeided
within ons to two weeks and were
followed by an ascneform etuption,
severs musels pain affecting the
axtremitiea, thorax, and shoulders,
fatique, nervousness and irritability,
dyspnea, complaint of decreassed libi-
do, and intolerancs to cold.' An exam-
ination oI the workera in 1949

" revealed a’savere and generalized

acueform eruption (chlaracne), hepat-
~. i¢ “enlargement,” pefipheral “péuritls;
. dalayed prothrombin . time, and in-

creased tntal serum lipid levels. By
1658, those symptoms and fndings

relarrable Lo the nervous rystem and
liver had subeided. The chloracne,
though much imprd persisted.’
In 1957, 2,3,7,8-tetrachlorodibenzo-
p~dioxda {TCDD) was identified zs a
toxic and acnegenic contaminant of
trichlorophenol synthesis.! The sub-

acute effects of this agent, which have
“Been repentedly observed in humana,
TInclude chioracne,'* the mast conaist-
ent clinical muker. liver function
impairment.'* peripheral neuropa-
_thy,"* pervousneas and irritability,"”

personality changes," porphyria cn-
tanea tarda ‘™ and hypertrichosis and
Ryperpigmentation.’ Elevation of
levels of blood cholesterol ™ triglyc-

‘erides,’ -glutamyl trans j-
dase (G_GTP).: and alkaline phoapha-
tose have been reported.
“Toxicologic studies of TCDD in ani-
mals have revealed hepatotoxic ef-
fects™ teratogenic effecta '™ sup-
pression of cell-mediated immunity in
mice and guinea pigs,"” and the indue-
tion of hepatic carcinoma in rata™
Some of the clinical reports have
been concerned with the aasociation.

. of cardiovascular disessa' and an

increased risk for cancer in popula-
Hons exposod_to TCDD.'™* Several
comprehensive reviews on this entire
subject have been published.™

A mortality analysizs of workers
exposed to the rnnaway reaction
materials was conducted. As of 1979,
the Stondardized Mortslity Rato
(SMR) for all causes of death was
0.69, with 32 deaths observed and
—46.41. expected. For._| the_categories of
cancer and circulatory diseases, the
SMRa were 1,00 and 0.68, respective-
ly.”?

A CUNICAL sTUDY

In Jone 1979, a cllnlul examination
program was conducted that included the
active and retired amployees of the Nitro,
‘WVa, plant, who were exposed (o the
2.4,5-T process betwoen 1948 to 1969. The
objective of the examination program was

2.4.5-T—Suskind & Hertrhearg
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o determine posaible increased risks, on a
long-term baiis, for adverse cutaneous,
puimonary, cardiovasculsr, gastrointesti-
nal (Gl), hepatic, renal, neurological,
behavioral, and reproductive effects; ef-
fects on lipid metabolism snd the poasibil-
ity of increased riska for cancer. The
population included those exposed to Lhe
process arccident as well sa those exposed
to normal manuflacturing processes and
included chemical aperstors and service
employees, tuch as pipefitters and me-
chanics. The control group consisted of
current or former employees of the same
plant who, acrording to interview work
history and personal work records, wera
never associated with the 2,(,5-T procesa
or its materials,

Subjectis of the Study

The total aumber of subjects examined
way 436. There were <19 white males, five
black males, one male of Hispanic descent,
one male of American Indian descent, and

" ten white females. One subject ameng the
419 was exposed Lo Lhe runaway reaction
residue in 19 as a child. The seven
nonwhite males, ten white females, und
the white male exposed as a child were
rxcluded (rom this apalysia There were
also 51 subjects whose ponsible exposure
was limited, poorly documented, and did
not include work in the 2,45 T production
proceas, They are not jnciuded in this
analysie. The remaining 367 subjects were
Aryignated by exposure as follows (1)
veposure without qualification: 204 sub~
jects who were involved in any aspect of
the production of 2,4,5-T, including roain-
tenance from 1948 to 196% and {2) no
exposure: 163 subjects currently or for-
merly employed st ‘the sams plant but

.* : Dover. associsted with any sapect of 2,4,5-T

production or maintenance of the produe-
tion facility.

All living employeea, active, retired, ar
tetminated, as determined from company
tecords, were asked to participate To
constitute cohorta of the target sample
size, all those who volunteered participa-
tion in the study were examined: thus, it
was not possible to randomize the selec-
lion of participants. Of the living exposed
personnel, approximately 61% voluntarily
participated io the study, as did approxi-
mately 46% of the liviog not exposed

p~—.Persconel The ooly mortality date avall:

able for analyais at the time of this study
were (or persannel who were exposed to
the runaway reaction materiala®

Clinlesl Examination

The intarviews and clinical examination
with informed consent were conducted
during the week July 11 to 18, 1979, in
Winfield, WYo ’

The routine laboratory analysis of blood

‘and urine was“'vompleted by Matpath.
Blood plasma Mipid -fraction examinatica

JAMA, May 11, 1884—Vol 261, No. 18

i and oo

* determined from a pingle void sample;
eoce, the messurements cannot be re-

was carried out by the Lipid Reaearch
Division (a Natienal Inatitutes of Health
Center) of the University of Cincinaati
Medical Center using methods of the
Nationa{ Lipid Research Project.” includ-
ing determination of plasma cholestercl,
plasma triglyceride, plasma high-density
lipaprotein (HDL) cholesterol, and esti-
malted plasma low-density lipoprotein
(LDL) choleaterol values. Pulmonary func-
tion testa, ECG, chest roentgenogram, and
nerve conduction velocity messurements,
performed by the method described in
Goodgold and Eberstzin,” were done at the
time of the physical examination. The
nerve conduction velocity measurements
were obtained {or most subjecta {rom the
peroneal nerve for motor and the sural
nerve {or seosory function

Clinical laboratory analyses included
blood caleium, phosphorus, blood ures
vitroges, creatinine, blood urea nitrogen/
creatinine ralio, uric acid, glucose, total
protein, albumin, globulin, albumin/globu-
lin ratio, total bilirubin, direct bilirubin,
SGOT, SGPT, alkaline phosphatase, iron,
wtal lipids, sodium, potassium, chloride,
GGTP, complete blood cell count and dif-
{erential cell count, thyrodae radicimmu-
noaseay, and thyroxine-binding glebulins.
Urinalyeis included routine examination
as well as detarmination of coproporpoy-
ajues. (Yalues were

garded as valid.)

Anslysis of Data

Data {rom questioonsires and the sub-
ject's medical history were coded by
assigning numerical valges to the re-
spoases given. The subject's medical his-
tory and findings were coded using the
Systematized Nomepclatars of Medicine®
System. Laboratory data were entered as
reccived. Data were keypunched and veri-
fied. The computer data were compared
with the original fles for accuracy. The
Statistical Analysis System™ computer
package was used {or data analysin. As the
analysis progressed, editing continued to
ensure the greatsst pomsible accuracy.
Multiple linear regreasion analysis” was
used to compare the exposed group with
the not exposed group and to compare the
three chloracoe subgroups with respect to

values, elinical laboratory wvalues, ~and
nerve conduction messurements after ad-
justment for covariables. The covarinbies
were age in the analysis of clinjcal labora-
tory values and nerve esnduction messure-
ments, age and smoking status (never,
former, and current) in the analyses of
pulmonary function values and age, and
smoking status and aleohaol status (never
used, formetly used, and currently used) in
the analyses of plasma lipid values. Fish-
er's exact test” and the x' test {or indepen-

plaamn _lipid lavels, . pulmonary, fanction .

dence in contingency tables were used Lo
compare the two exposure groups and the
three chloracne eategories with respect o
frequency of abnormal findings on physi-
cal examinstion, pulmonary function test,
and lipid analyses, Fisher's exact test was
2lso used o compare the two exposure
groups with reapect to reproductive find-
ings. Mantel-Haenszel analysis”™ was used
to compare the exposed group with the not
axposed group with respect Lo (requency of
abnormal findings on physical examina-
tion after adjustment for age group (<50
and =50 years) and with respect to (re-
quency of abnormal findings oa pulmo-
nary function test or abnormal plaama
lipid levels after adjustment (or smoking
status. Logistic regression analysis™ was
used to detect associations aof exposure
with abnormal findings on pulmonary
{unction test after adjustment {or pack
years smoked. Log linear models® were
used o detect a3socialions between the
three chloracne groups and abnormal plas-
ma lipid levels after adjostment {or amok-
ing status.

RESULTS
Demographlc information

Demographic data of the 367 white
males were examined to determioe
potentially confounding variables.
The mean ages of the exposed and
not exposed groups were 56.7x0.7
(X +SE) years aod 462x1.0 years,
respectively (P<.0001). The two
groups were found to be significantly
different with respect to employment
status and highest educational level
achieved (P<.0001). In the exposed
and not exposed groups, 34.8% and
13.5%- were retirees and 9.8% and
0.6% wers terminated (left voluntari-
ly or laid off), reapectively. Among
the exposed and not exposed groups,
94% and 1.2% reached no further
than the eighth grade, respectively;
T24% and 56.8% had some high
school education, respectively, Amoag
the not exposed, 420% attended col-
lege, some to completion, while
among the exposed, only 182%
attended college.

', "Alkcohol and Smoking-- - -

History of alcohol consumption was
vot found to ba significantly different
in the two groups. When smoking
status (current, former, or never) was
used as the criterion, no differences
were found. Among current smokerys,
the exposed group had smoked signif-
icantly Jonger than the not exposed
by 19 pack-yeara (.0001<P<.001).
Among former smokaru, the exposed
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group had smoked loager than the not
exposed group by seven pack-years
(.05<P<.10). This reflected the ten-
year age difference between the
exposed and the not exposed group.

History of Medical Problems

The compariscn of the expased and
not exposed eohorts for self-reported
history of illnesa is given in Table 1.
Chloracne was reported only in the
exposed group: 86.3% io the exposed v
0.0% ia the not exposed. The data
about the history of chloracne were
determined on the basis of stataments
from subjecta that ap acnelike erup-
tion called "weed bumpa” appeared
after an assignment to a 24,5-T pro-
duction area. Records of the medical
department of the company and the
state Workmen's Compensation Bu-
rexy stating that the person had
chloracne confirmed many of these
histories. In the not exposed group, a
history of scne vulgaris was reported
more {requently than in the exposed
group. This information was based on
the story of adolescent acne before
employment at this plant. A history
of upper Gl tract uleer was reported
almost four times more frequently in
the exposed group. When the medical
history of the exposed and not
exposed was compared for two age
groups younger than 50 years v 50
yeara or older, a history of coronary
artery disease and of hypertension
were related to age, not exposure.
Among the not exposed, angina was
significantly related to age; in the
history of upper GI tract uleer, how-
ever, exposure, oot age, appearsed to
be a factor.

Closer examination of opset of
uleer in relation to exposure revealed
six subjects whose symptoms oc.
curred before exposure. There were
also four subjects whose symptoms
occurred while they were receiving
corticosteroid therapy or high doses
of zspirin or that were attributed to,
chronic slcoholism. If these ten sub-
jects were omitted from the analysis,
there remained statistically signifi-
cant differences between tha exposed
and not exposed groups (166% v
55%; P=.01 on age adjustment).

The complaint of loss of libido
occurred more frequently in the
exposed group than the not exposed
group. When age was considered, the
largest number of complaints of loss
of libido or impotence were reported

2374

Table 1.—Higlory of Medical Prodlems v Eaposure Slatus and by Age
hgs <BO YT, % Aga 260 yr, %
- Mot
: Gposed, Ciposed, "ot Mot
- - Exposed Expossd Tapossd Expoeed
Hiatory (ner2041°  (n=143) {(n=81t) (A=100) (A=183)" (A=&))
Chioracrvet i 84.2 ‘ca 18.5 0.0 ) 0.0
Acre vuigarw§fq o9 938 w7 42.0 12 0.8
SN cancer 3.9 2.5 0.0 1.0 4.3 48
Hypertenaion § # 344 248 FAN-] 18.0 a8 a4t
Angena 8 T.4 a.1 5.9 10 70 143
Coronery artery deetyed 10.8 e 2.0 ao, e 6.0
Upowr gastrointesbnal trect
wicer | 20.7 55 s 5.0 10 6.4
Cancer of all sites**
{axcepd sidn} 10 2 0.0 00 e - =

"One of e 204 subpeCit G AN Compbets e Niervwiee/ Dirysecal sReMAfN rOQram thd had &

dosmenied workman’s COMEensaton Clawn kor chiorscrve.
A<, 0001: P value hor Marmmsl-Haenslel companaon of erpoesd v nat supnasd 85700 B0 sivela,

$.01 <A< 04; in axposed; young v oid, by Fialws's saect 1eal

won of eap ~d aCToes aQe atrata.

f.001<AC.O1: P value for Mamel-Haenated

*d v not

T.08 < A<, 10; in expoeed, young v old, by Funes's saacy tse.
9 A<.0001: N Nt exposed, young v Gid, by Fisher's ersct indl,
& 001 <<AC,01; n nol saposed, yours) v oki, by Fiadver & exaCl teet,

et the d Groun, tiadd
atpoand Qroup, bisdder cancer, ona; (Melarma, one.

CRNGwr, Tad; OO CanDer, ree. proalals Cancas, Che. oy T A4

Table 2.~~Complainty of Nervousness and Sesual Protdems 1o
Examinng Physician or Interviewer
Age <BO y1, % Age 250y, %
ot
Exposed, Exrpoesed, Mod Mot .
L N N Exposed Eipoesd EZxpoesd
Complaint (a=233) (= 183) (n=81) (n=100) (n=162) (n=—s3)
“*Mervousness ' /
anxiety / Sepreesson ® 18.2 1.7 7.8 15,0 190 6.4
Decreased Roidot1§ @ 15.3 10.8 a0 - 0K any
npotenca, Nol oMersise
sowcthed t § 2r.8 "7 1.8 2.0 34.2 270

*.05CAL,10; In erpoeed, youny v ol by Faher's exact 1esl,
$.001 << P<.01; for Mantet-Haertie Compariaan of exposad 10 MOl K100 §CTO 304 sala,
$A2.0001: In not axposed, young v old, ry Flahar's ansct leal

§.001< A0t In sxposed, youry) v oid, by Faher's siact test,

1.0001<A<.001; In axposed, young v oid, by Faher's sract (esl.

by the-older age group (Table 2).

As noted in Table 1, the reported
history of skin cancer, hypertension,
angina, coronary artery disesse, and
cancer of all sites (except skin) was
not foand to be significantly aasoci-
ated with exposure. The sample size
obtained was sufficient (at signif-
cance level of .05, power of .80 (proba-
bility of detecting a true difference])
to detect & [ourfold increase in skin
cancer, & twofold increase in hyper-
tension, a threefold increnss in angi-
na and coronary artery disease, and a
six{old increase in cancer of all sitea
{except skin)} for exposed over whet
was observed in the not exposed. As
noted in Table 2, the complaint of
nervousness/depression/anxiety and
the complaint of impotence were not
related to exposure. The sample aize
was sufficient to detect a twofold
increase in complaint of nervousness/

JAMA, Mgy t1, 19B4—Vol 251, No. 18

depression/anxiety for exposed over
not exposed. Although the sample size
was sufficient to detect crude differ-
ences between the two groupa with
respect to complaint of impotence, the
difference disappeared when age was
considered.

The exposed population was catego-
rized into three subgroups, ie, those
who never had chloracne develop
{n=28), those who had a history of

“ehloracne only "(n=69), and those

whose chloracne peraisted (n=107).
When the histories of medical prob-
lems were examined io relation to
chloracne status, hypertension and
coronary artery disease were [ound to
be age related, not chloracne related,
Histories of skin cancer and angina
were not statistically significant
when related to chloracne or to age
within the chloracne groups. While it
would seem (Table 3) that aldn cancer

2.4,5-T —Suskind & Hartrberg
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Table 3. —Hialory of Medical Problems v Chioracne Status in E1posed Only and by Age )
)
Chiotmene Slatus, %
Age <50 yr Age =50 gr
Hiatary . Ha HMlory o Hislory Ko
Only Curnrent History Onlty Cunront Hislory Oniy Current Mvlory
Halory* (n=es) (n= 107} {n=28 {n=18) {n=21} (n=12) {n=gl) (n=a4d} {n=18)
Ache wigens LX) 4. o0 188 [R4 3.3 58 8.0 8.8
Shun cances 8.0 2.8 a8 Q.0 0.0 Q.0 LT e a3
Hypensnsont L] 380 (28] a3 34 8 8.7 a2 393 188,
Arvana .0 103 0.0 0.0 120 0.0 1.r 0.5 [+ X ]
Coronary anery disessat a.s 140 38 al 6o o0 o8 1o 8.3
Upoes pasirointestvnel tract Lacer 18,2 23.2 143 4.3 .y a3 10.2 %12 a8
Cancar of sl stes (azceot skan) 4d 2.8 00 00 0.0 0.0 56 J48 [

° Al compansons of Iha (tveg chioracne calegones, both jor the totel groud and for e Iwo age QroUDE, wavs lowd 10 be not ﬁonmmwx'unlmwm

" connngency (sbhise,

t O1CA<.0S kor featory ondy, young v old by x' leet for independence in contngency labiee.
t 08 <A<.10 lor cuntent, poung v okt by x’ Leal for ndependence m conhngency 1abses.

13 related to age in the three chlor-
acne groups, the number of persons
in the age group younger than 50
years was too small to achieve statis-
tical significance. There was no asso-
ciation between the history of upper
GI tract uleer and chloracne status
{Table 3).

While the number of subjects
reporting a history of cancer (other
than skin) was small, all of them were

frund in the group aged 30 yvears or

vlder, and the percentage in the
exposed group was EOT METMEEETTy

dilferent [rom that in the not exposed

~group (Table 1). The three bladdér

cancers were reported by persons
vxposed to p-aminobiphenyl, a rubber
additive that was alsa made in the
plant.

Physical Examination Resylts

There seemed to be no difference in
blood pressure findings between the
exposed and not exposed group. The
criteria for determining normal! for
combined systolic/dinatolic values
were leas than 140/%0 mm Hg for
subjects aged 59 years or younger and
Iea than 160/95 mm Hg for subjects
#krd 60 years or older. For diastolic
alnne, less than B0 mm Hg was con-
sidered normal. Diastolic values of 80
to 89 mm Hg for ages 53 years and
younger sad 80 to 94 mm Hg for ages
60 years and older were considsred

. borderline. Diastolic values of 90 mm

Hg or greater for ages 59 years and
younger and dinatolic values of 96 mm
Hg or greatsr for agea 6) years and
older were considered high

The significant clinical examina-
tion findings as related to exposure
status and age are found in Table 4.
Of those wha were clearly exposed,

JAMA, May 11, 1084—Vol 251, No, 18

Table 4. — Significant Clincal Findings v Eapoaure Status and by Age
Age <8O v, W Age =30 yv, W
Mot

E1posed, Expowed, Mat Nol

- “* Exposad Exposes Exposed Exposed

Findbrg {n=203) {n=18]) {r=51) {n=10Q) (n=152) {n=8a3)
Chioracre * 52.7 0.0 45,1 0.0 553 0.0
Acne wagartattf 2.0 1.2 r.e 180 0.0 1.8
Actinic slaxioaia? { o 0.1 .1 ara 18.0 64.4 40.2
Basal ced ecahukorme § 43. 2.0 0.0 8.6 1.1
— O:D 0.0 a0 an 0.0
1.8 LX) 1.0 5.9 32

CAC,0001; P vehue hor Mantel-Haeri2zal COmpermon of $r008ed v Aot eapoesd scruma a0 slPala,
$.08 < P< 10, P value for Marded-Maanarsl 0ompeneon o ezposed ¥ NOl exposed 4GOS 80¢ Sirsla.
$.0001 < A<.01; in sxposed, yousw) v old, by Faher’'s sract lest,

§.001 <A< In ot ezposed, young v old, bvl"nh-fnupdinl

P

10001 <P<.001; P vela for M
swata,

won ol exposed v nol exposed acroas age

€.0001<A<.001; N exposed, young vold, by Fieher's ezact lest,
M P 0001 0 not expoesd, young v oid, by Fshar's enact teet,

527% still had chloracne, 626% were
mild casea, 33.9% were regarded as
moderate, and 3.8% were severe.
The diagnoses of chloracne and
acne vulgaris were made by qualified
dermatologista. The criteria for diag-
posis of chloracne include the initia]
appearance of comedanes, milia, or
epidermal cysts on the malar, temple,
and periorbital areas that may subse-
quently involve other areas of the
face, the neck, forearms and armas,
and scalp and genitalia. The secrotum
and penis are commonly affected in
persona whoss clothing becomes
heavily contaminated by the acnegen-
ic matarial. Lesions may become sec-
ondarily infected, especially on the
trunk, forearms, end genitalia. By
contrast, zcne vulgaris that usually
starts in adolescence iz seen as
inflamed papules, pustules, and come-
dones, on the perinasal area, cheeks,
chin, neck, and back. It rarely, if ever,
starts on the malar or periorbital
areas. The skin of the affected aites in

acne vulgaris is usually very oily or
greasy. [n the case of chloracne, the
skin surface ‘is usually dry. Persons
with acne vulgaria, exposed to chlor-
acnegens, may experience the devel-
opment of chloracne. The lesions of
acne vulgaris may increase in severity
and lesiona may develop in sites not
usually or prevzouuly aflfected by acne
vuigaria.

Among the exposed, §9.1% were
found to have actinic elastosis in
.contrast to 30.1% among the not
exposed. There was a significant dif-
ference in the occurrence of actinie
elastosis between the exposed and not
expased in both age groups even
though age is a factor in this elinical
finding. Three cases of Peyronie's
disease were observed among the 204
exposed. All of them had chloracne 2t
some tima and they were all older
than 50 years. Peyronie’s disease ia
characterized by induration and scar-
ring of the corpus cavernosum of the
penis, producing distortion oo erec-

2,4,5-T—Suskind & Hortzberg 2378
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Table 5.—Sigruficent Climeal Findings v Chioracno Siatus in Exposed Onty and by Age
Age <30 yr, % Age 2560 yr, %
Hixlory Ha
Oy, Current, History, History Mo History 73
% * Onty Currant Hetory Only Current Matory
Finding (n=0m) ln=10N (n=28) {n=14) {n=2)) (n=12) {n=81) {n=>84} {n=161
Acre wigans” [ a.0 10.7 [ X1 0.0 23.0 0.0 0.0 0.0
Actrec elaatoai 114 ara T4.8 8.6 313 58.3 8.3 8t.0 9.4 aa
Basal cod eptwhoma EX) 8.4 a8 8.3 Q.0 0.0 s8 10.7 63
Poyroree’s Gasase 2.0 0.9 0.0 0.0 0.0 0.0 3.8 (%] 0.0
Hersurtiam ¢ 0.0 10.3 0.0 0.0 a.? 0.0 0.0 0.7 0.0

“01<PC.QS; kr overnl Sierencese betwoen the thies Chioracrne Categories I ape 40 years o younge:, bry 37 lest for Indegendenca in conbingency 1ables,
1.0001 <AL for cvertl differsnces Detween (he T te CHOMLCNE calegories in age 50 years or okder, by ¥’ lesl for Indeowndencs in CoMNpency fables.
$.01<AC O8] in curent chicrecnd, yound v oid, bry Fraher's exsct tem,

§.08 <A, 10: In no bstory of chioecne, young v oid, by Fraher's scact teel.

Table 8.—~Expoaure v Plaama Lipids
Exposad Mot Expoesd
Plaama Uoida n Y=se % Out of Aange* L3 Izse % Out of Raage” P Vobse
Chntesteral 200 211.1522.53 1S 163 W04 0rz29r1 10 4 NS
Trghroerkse 00 14084 T. 44 149 183 150632 7.73 19.0 N3
Lorw-densty bpoprotew cholestend %8 138,74 2 2.40 7 130 127.0822.60 8.3 N3
Vi -Gerary loooroten cholestartl 200 45.6320.01 9.5 183 44,2220.77 10.4 N3

"Reterence renges kv plasma cholsaierol, ngtycende, and low-denaity EQogrolen cholestiertl were dafined ss lees than the egeapechc OOTh percantie as
-Satormungd Oy the Nanonat Lipid Ressarch Provect. Asterancs ranges kor Psoh-Genedy kpoorolert cholesterol were defned 48 100vE 1 SO0 80eCAC 1anih Dercentie 88

dajerrened by Me Haboral Liosd Ressarch Provect.

tion.

As noted in Table 4, there was no
association of findings of basal cell
epithelioma and hirsutism with expo-
sure. The sample size was sufficient
to detect a threefold increase in basal

" cell epithelicma and a fourfold in-

crease in hirsutism for exposed over
what was observed in the not

- exposed.

-Table 5 identifies the clinjcal find-
ings in the exposed population in
relation to chloracne status. In these
groups, actinic elastosia was found
preponderantly in the subjects with
persistent chloracne (74.8%), but it
also occurred significantly in thoss
with & history of chloracne only
(47.1%). Of the exposed with persist-
ent acne, 10.3% were found to have
malar hirsutism: nine of these 11
cases occurred in the group older than
50 years.

Actinic elastosia is & problem found
in persons of light eoloration exposed
over many years to sunlight (eg, far-
merz' akin and sailors’ skin). It is
charxcterized by swelling and frag-
mentation of the elastic tissue ale-
ments of the dermis. There was an
association of xctinic elastosis with
chloracne. It seems that the percent-
age of persons with severe actinic
clastosis was related to presence of
chloracne and that it is more severs
when found with chloracae.

2278

Plasma Uplds

Plasma cholesterol, triglyceride,
LDL cholesterol and HDL cholesterol
were classified by age-specific percen-
tiles as determined by the National
Lipid Research Project data.” Piasma
cholesterol, triglyceride, and LDL
cholesterol valuoes were classified as
out of range if they fell above the 90th
percentile; HDL -cholesterol values
were classified as out of range if they
fell below the tenth percentile. The
frequency of out-of-range lipid find-
ings was compared for exposed and
not exposed groups (Table 6). No
significant differences were noted.
The sample gize was sufficient to
detect a twofold increase in the fre-
quency of , out-of-range cholesterol,
triglyceride, LDL cholesterul, or HDL
cholesterol values for exposed over
what was observed in the not exposed.
After adjusting for amoking status,
no significant diferences were found
The mean lipid values were also com-
pared for the exposed and not exposed
groups (Table 6), and no significant
differences were found.

When the lipid lavels of the exposed
group only were examined in relation
to chloracne status, thero was a nig-
nificantly greatar number of subjects
with low HDL cholesterol levels in
those with persistent chloracne than
in those with a history only of ehlor-
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acne or those who never had chlor-
acne {Table 7). There was a greater
number of persons with high LDL
cholesterol levels among those who
had a history only of chloracne than
those who had chloracne currently or
never. The mean lipid levels {or these
three chlorzcne groups were also
compared (Table 7), and no signifi-
cant differences were found.’

After adjusting for age, height/
weight, amoking status, and alcohol
status, no siguificant differences were
found between the two exposure
groups with respect to mean lipid
valuea. The interaction of smoking
status and aleohol status was also
sdded to the model, and no differ-
ences were found between the two
exposure groups.:

To detect differences between the
chloracne groups with respect to
mean lipid values, the same adjust-
ments described previously were per-
formed. No significant differences
were found. , .

Log linear models were used to
detect nssociations between (requen-
cy of out-of-range lipid values 2nd
chloracne status in the exposed group
only, adjusting for smoking status.
Findinga are as follows: (1) Out-of-
range choleaterol or triglyceride val-
ues were not associaled with chlor-
scne status. {2) Out-of-range HDL
cholesterol values were associated

2,4,5:-T—Suskind & Hertzberg
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Teble 7. —Chloracne Siatus in Exposed Only v Plasma Lipsds
History Only Current Mo Histary
» Out % Out % Cut
Plaamg Ulpdd ' Resw of Aangse* a feam of Range* n Xrse - ol Reoge?. :

Cruhoad orod ar I1S. 1862687 1.0 108 21033za.07 L] 20 0400x7.1]3 T
Trghroerkde .} 4 144,00 x 14.88 T3 104 183,84 29,20 19.3 m 149.11 21438 143
Low-denady kooorotewn

cholesteralf 1] 14284314 60 15.2 103 M4 431 2,88 2.9 a7 130.08 2 1.08 T4
High-denaty boOproredn

choiesierclt ar 458,64 % 117 .0 108 44,03 = 1.31 4.3 2a 41.78 2 3.3 T.t

“Reterance runges for plaama cholestercl, tighoerde, snd w-denauty kpogrolein cholssiwol werd defered as less than the age-specihs OOTh parcantie se
Selermined by e KRetonal Lipad Resesrch Project, Relervnce rang+t Jor high-density hpoortise choleaiertl ware defined 88 above the 8ge-wpecric lenf peroentie a8

Geolemnad by e Nationel Upid Ressarch Propect.

1P<.018; tor companng frequency of aul-of-range levels @0 the Mves chiorore roups.
1 P<.05; lor comparnng frequency of oul-of-vanpe levels In the three chioracne growgs.

with chloracne status (.01 <P<.05),
angd the degree of association did not
vary significantly by smoking status.
{3) Out-of-range LDL cholesterol val-
ues were associated with chloracne
status (.01 <P<<.05), and the degree
of association did not differ signifi-
canUy by smoking status.

Pulmonary Function Examination

Both forced expiratory volume ia
1 s (FEV,) and forced vital eapacity
{FVC) were considered abnormal if
the observed value waa less than 80%
of the predicted value of Morris. A

- FEV,/FVYC percentage less then 70%

was considered to be asbnormal. The
forced midexpiratory flow rate
(FEF,.) was considered abnormal if
the observed value waa less than 70%
of the predicted value of Morris.
Coansiatent differences in abrormal
pulmonary - function values (FEV,,
FVC, FEV,/FVC, ‘and FEF,,,) were
found when the exposed and not

exposed groups were compared (Table -

8). Among curreat amokera, there was
a significant difference in frequency
of abonormal pulmonary {unction val-
ues between- the exposed and not
exposed groups, but there were no
differences among persons who have
formerly smoked or smong persons
who have never amoked (Table 8).
Logistic regression was performed

. to’ evaluate. the. relationship between

frequency of abnormal pulmonary

“if{unction valuea and exposures sfter

adjusting for pack years smoked.
Odds ratios are given for these
parameters ic Table 8. Exposure sig-
nificantly increased: the odds for
abnormal pulmonary function valuea
even after adjustment for pack years
amoked.

The means of the percent-predicted
values were compated batween the
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two exposure groups after adjusting
for the effect of smoking (Table 9). No
ditference wasa found between the two
exposure groups with respect to
FEF,n percent predicted. Percent-
predicted values for FEV,/FVC and
FVC were significantly lower in the
exposed group. Furthermore, there
was a significant interaction between
smoking status and exposure with
respect to FEV, perceat-predicted
values. When adjusted group means
for each smoking status exposure
combination (Table 9) were examined

' to determine the nature of the rela-

tionship, no significant differences
were {ound between exposed and not
exposed workers who aever smoked or
who formerly amoked. Among current
smokers, however, there was & signif-
icant difference between exposed and
not exposed workers.with respect to
FEV, percent-predicted values.

Clinical Laboratory Findings

With -regard to clinical laboratory
determinations other than plasma
lipids, no significant differences were
detected between exposed and .not
exposed groups. There have been
reports of abnormal levels of alkaline
phosphatase, SGOT, SGPT, and
GGTP iu other populations exposed to
TCDD for short or long periods; how-
ever, no differences were found in

these coborts ten to 30 years after the

last date of exposure.

ECQG and Roentgenographlc
Findinge

No differences were observed in the
ECG findings when the exposed and
not exposed groups were compared.
When the chest x-ray tilm findings in
the exposed group were compared

with thase in the not exposed group:

and separated by age, the arterioscle-

rotic changes and pleural thickening
differences between the groups
seemed to be age related, not expo-
sure related,

Neuroclagical Findings and Narva
Conduction Velocily Msasuremants

When exposed and not exposed
groups were compared [or frequency
of abnormal findings on neurclogical
examination, no differences were
found.

Nerve conduction velocity measure-
ments require controlled atmospheric
conditions and uniforon conditions of
testing. Ambient and body tempera-
tures were recorded. With the tech-
nology employed, it was at beat a
screening procedure.

All subjects reporting diabetes or
reporting a high weekly aleohol
intake (=35 or. of alcohol per week)
were eliminated from the data znaly-
sis. After these deletions, there were
278 with complete sural and 204 with
complete peroneal examinatiaans re-
maining. The data from the nerve
conduction velocity studies were cor-
rected for body temperature accord-
ing to the deJesus” method. The age-
adjusted values are presented in
Table 10. No significant differences
were found when the two exposure
groups were compared or when the
three chloracne groups were com-
pared.

Reproductive Effecta

Information on reproductive fac-
tora znd birth defects was elicited
from the male participants. Neither
physician nor hospital records were
available to confirm the information.

A comparison between the exposed
and not exposed groups for pregnan-
cies, live births, infant deaths, mis-

2.4,5-T—Suakind A Hertzberg 2377



Table 8, —&xposure v Pulmonary Funchon Findingas by Smoling Status
Moot of Loghatic
- Aegression on
Putrmonary Erpored Not Exposed Pock-Yoars Smvoked
Functios Semohing
Por e ter Slatue n % Admormaed L %% Abnormeed ” Y abse Odvde Raso P Yohsa
FEV,* Narver x 8.1 40 8.0 HS
Forme: 80 1.2 144 3.2 KRS
. Presavi T4 210 45 44 0023 e -
Tolalt 203t 5.8 182 490 00 2.8% 0139
Frcr C:;? 2 5.1 4 Hs .
-] 149.7 17 8.5 H3 . “en
Presant T4 26.7 45 22 .oooa . .e
Totsit at 17.2 162 8.8 0338 2.28 L3119
FEV/FYC & Neover - 5.1 40 8 NS -
Fortnar -] 12.4 7 .2 N3 -
Presant T4 25.7 43 a7 o1l “ne ves
Totalt 03¢ 15.8 182 4.0 0013 297 0000
FFn® MNaver » 1.7 40 rs N3 . .
Formar [~ 10.¢ 77 13.0 M3 .e
Prosart T4 3.5 a8 ", ool . “as
Totait 2001 C Rz 182 1 oA 100 0817

*FEV, ndcates lorcad saperaiory vohume in | 1 FVG, lorced viial capscty: FEF 014, lorted medespwaiony fow rate,
tUnkNOwn WMOkNG statue, heg FUDMCES, 0N whose PuiMOonary fuNCHon feel reeufl wes NOrMal sAd i Included In Ma Yowd,

Table 9. —Exposure Group Means of Peccenl-Pradicted Puimonary Funchion
Peramslers Adjusled for Smoking Statua
Putmonary Semcitirrg Erposed Hol Expoeed
Function Parsmeler Statisg Yo ResE 1 4
FEV,* HNever 107.1223.08 105,23+ 3.0) HS
Formes 101.4322.03 104.6822,18 NS
Presert e0.8322.122 102,332 2.85 0.0008
Totad §0.3021.4 104,42 £ 1,57 0.0184
Fvee . 92.732 117 or.00 128 Q0054
FEV./FVC » cen 78,40 0.5 79.8320.68 0.0002
FFn' 101.0024.02 109,16 %, 4.39 -]

*FEV, incScales forced axpiniiony valume in 1 8; FYC, loroed vitsl capecity; FEF 4 54, forced midexpinlory

e rate,

Tabie 10,—ikean Nerve Conduction Velocity* for the Expoaurs Groups and lor
the Chiloracne Subgroups,
. Marve Tosted
Category Utner Poroneal Burad

Exposedt

Rese ) 58.00£2.58 (9) 41.77 20.47 (100) 4208 20.49 (16Q)
hiot Exposed .

Rese(n) 8101299 (9) 42,82+ 0.62 (134) 41,40 20.84 (129
Chiorecne, history andyt ' .

X £ 5E (n) - £8.0226.02 {J) 40.68+0.77 {50) 41.1420.00 (51)
Ohorsars, ausrent :

R22e(y sT.a8 418 (B) 41.3820.50 (883 41.3720.78 (74)
Ghl_anau.m-u

X 2 SE () 52.1020.09 (1) 40.8121.12 (24) © 41232 1.30 (28)
*Agmtes ke 80w,

:Pmmwhma.wmmwmmuw.m.m
=rnl, and also kor Comparison of e Tree chioracne Categaried with reepect 1g uines, perones!, and eursd.

carriages, birth defects, and still-
births is listed in Table 11. There
were no significant differences in
these parameters betwean the ex-
posed and not exposed cohort. No
data were available on age of wives of
workers.

Other Work Exposures
of the Study Population

Other than 245-T and its interme-
diates and/or contaminants, all of the
workers in the study were exposed to
multiple. chemicals and industrial
processes under varying working con-
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ditions, at the same plant and/er
other plants, between the late 1930s
and 1979.

Rubber processing chemicals iden-
tified by the subjects as other expo-
sures included diphenyiguanidine, the
benzothizzolesulfenamides, derivs-
tives of m-cresol, p-phenylenediamine
derivatives, and 4,4-dithiodimorpho-
line. Additiooal chemicals named
were ethyl parathion and methyl
parathion, phthalic anhydride, o~ and
p~dichlorobenzene, o~ and p-nitrophe-
nol, toluene and mercaptobenzothia-
zole dertvatives of tetramethylthiu-
ramdisulfide, and trimethylquinoline
components.

Seventy-nine subjects, or 21.5% of
the 367, reported in-plant exposure to
p~aminobiphenyl, a known bladder
carcinogen, during the course of their
employment. These subjects are peri-
odically examined in a elinical sur-
veillance program established by the
medical department of the company.
Subjects reported the exposure and
the monitoring program during the
interview and to the examining physi-.
cian. The data relating this exposure
to 2,4,5-T are described in Table 12

COMMENT

In any interpretation of the medi-
cal significance of dats elicited from
this study, it is esseatia] to consider
the characteristics of the cohorta as
well os the strengths and weakneases
of the design of the study. With ail
industrial populations at risk:in the

2.4,5-T—Suakind & Hertzberg
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Tabla t1,—Expasure v Reproductive Fndings
€ xpceed »o Mool Exposedt
Paproduciive Nintory (=100 {n= 18504 Prebabity

Pregnancies LY. a’ -
Maoaiages L] 61 ven

fwte per 1,000 pregnancies 105,34 Torass . HS
Live birtha 8rs8 ara
St 1.~ N .1 " vaw

rula pay 1,000 telsng W0 farm 1a.77 1arn . b
Dead in 4 weaha r -] AN

rate per 1,000 ve birthe 20.54 14.00 NS
hidren with birth dedecas is 1B 4 cau -

rwte par 1,000 ve bkm 1.0 20 4 WS -

‘W the sipossd, reported birth dedects incixie apine biflda, unepecried cardiac anomaled, rrions
veran, Lrdeacended leetichy, congenttal hydoosla, obatucth debacts of wrinary Wact, chub oot
Jonparvtal short leg, anomales of steTism, Down'a Fyrdirona, hermia, and anguoma,

1 e Aot $aD0ded, recortad birth dedects Inchsde scine bifvia, conpental ancrules of sre, polpcyedc
batney Gonasq, aniral wead), abetrucitve dedects of Urinary ract, chub loot, dbmence of Angert, CONQertal
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were Chekbeay O Man wha oid ot teepond (two norvesgondeny i tve Nol sxpoeed, Tves i T axposed),

Tabia 12.—History of Exposure to o~ Aminobsghert (pAb) snd
(2.4,5-Trichicrophenaxylacebc Acid (2,4,6-T) v Hutory of Bladder Neoplasma
Mo Expoaurs ., .
o EXhar pAD asut
2.4.5-T 2.4.5-T pAM 21.4,6T
Hiatory " Mo, L ) Ha, - T MNa, Ty N -
Bradder hamort -} 0.0 [+] Q.0 . t 12._5 . 7 LR
Bmcdder cancert 0 0.0 0 ao ., -t AT T g et . AN

“Hatory as detarmmined from interview and repart 10 exaraining Sfrrsiciars.

1Fours arw mutusly sxchasive.

United States, particuiarly for loog-
term follow-up, randomization and
participation requirements for pris-

wary have been exposed to 24.5-T, the

contaminxnt TCDD, and other chemi-

czls vaned markedly. Spbjecta reo-

tine epidemiological protocols are
rarely satisfied. In this study it was
not posaible to mateh the expoeed and
not exposed groups demographically
on basis of age, employment status,
and education level. Although the two
groups were defined on the basis of
definite exposure to proceas
and vidence of exposure to 45T
snywhere 1o the plant no informa-
tion was available about levels ol
2.3,78-TCDD in the work envirog-
ment or in the trichloropbenol that
wWaS p u L] p u
ZA-T.51ncE 4,5~ T was used ubiqui-
toualy as a weed killer in many gar-
dens and farms, the poesibility of
exposure ta some TCDD betwean 1948
and 1969 exists for both groups. Thers
is current analytical [nformation
demonstrating that dioxins including
2,3,78-TCDD may also be present in
the community environmaunt in Ay
ash and flue gases™™ from incinera-
tica of domestic garbage and indus-
trial chemical wagtes ™

The degree to which esch subject
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ported exposure to the 2,4,5-T process
for as little a3 one month to as long as
20 years, and exposure was oftan
intermittant over a period of years. It
was difficult to accurately designata
the duration of exposare for many of
these persons. The data do not pro-
vide characterization of incidencs or
dose-reaponse relationship

Data obtained {rom intarviews and
clinical examinations conductad by
diferent physicians have inherent
biases, Neverthsless, the available
populations provide nseful informa-
tion on the prevalencs of biologic
effects in the population erposed, as
compared with thoss who were not
axposed to the 2,45-T production,

A comparison of menifestation of
effecta to TCDD toxicity in humans
as obeerved in this population with
those observations mada in experi-
mental animals mest also consider
the acute, subacuts, and chron-
ic effects in humans already re-
pomld.ﬂ

The subacuta effects of TCDD tox-

icity in the group of exposed persons
23 described in the reports cited in
the references were characterized by
cutaneous, hepatic, aad peripheral
nerve damage. [n other populations,
where hepatic changes were observed
as a clioical subacute effect, elevated
levels of SGOT, SGPT, and GGTP
were reported.”"? Doses of 1.0 ug/
kg/day in rats will induce altered
liver functioa, elevation of alkaline
phosphatase, lymphoid depletion of
the thymus, and increased excretiou

_of urinary serplirips and G-amico-
evulinic acid™ The effects on the
thymus have not been noted in
humans, although there have been
some reports of elevation of alkaline
phosphatase and AALA levelsin loog-
term exposure.” Elevation of alkaline
phosphatasa levels was not observed
in those who were examined io 1949,
1950, or 1953' or ia this study popula-
tion ten to 30 years after exposure.
Tetrachlorodibenzo-p-dioxin  was
found to induce cancer of the liver,
lung, palate, and pasal turbinates in

rats' An excess of cancer of all sites

was not observed in the mortality
analyais of the group exposed to the
runaway reaction materials,” nor was
an increased prevalence of cancer of
all sites observed in this study popu-
lation. Cancer of the liver was not
observed in this study population, zor
was an excess of cirrhosis aoted,
High doses of TCDD (30 ppm),
administered orally or subcutaneous-

" ly, in pregnant mice and rats may

increass tha incidence of cleft palate
in mice and cystic kidoey in rats.” No
teratogenic effects were observed in
rabbits receiving 10 to 40 mg/kg of
2,45-T containing 05 ppm of TCDD
or in raty receiving 1 to 24 mg/kg of
24 5T with the same TCDD content.”
It has been demonsatrated that hyper-
plasia and ulceration of the gastric
mucossa occur in monkeys after lethal
doses are administered “ In this study
population, a statisticslly significant
incressa in the history of upper Gl
tract uleer was found when the
exposed were compared with the not
exposad.

Birth defects as reparted by partic-
ipants in this study showed no differ-
ences statistically between the ex-
posed and not exposed groups. In
rhesus monkeya receiviog 500 parta
per trillion of TCDD, early abortions
and inability to conceive were ob-
sarved."* Thesa affecta have nat been

2.4.6:T—Suakind A Hertzbery 2379



observed in this study papulation.

This study indicates that the pilose-
baceous effects of exposure to the
2.4,5-T process were persistant in 53%
of those exposed. The efects of the
kind of care received by the various
subjects may be a factor in persist-
ence. Since biopsies of the size
tequired to identify and measure
TCDD were pot available, the pres-
ence of TCDD or its metabolites as a
factor in persistence could oot be
ascertzined. There was an zaspciation
of actinjc elastoais with the occur-
rence and persistence of chloracme.
This can be interpreted as increased
susceptibility to UV radiation dam-
age.

There was an aasociation of history
of upper GI tract ulcer with exposure.
It was nat possible to ascertain a
desiguation of ulcer by site without
Gl roentgencgraphy or endoscopic
information., Amoang the exposed
group, ten subjects reported surgical
treatment of the ulcer, while none of
the not exposed group reported surgi-
cal treatment of ulcer. These data are
suggeatve of association with expo-
sure; no definite conclusion can be
drawn because of the qualified nature
of the data. The association of upper
GI tract ulcer with exposurs warrants
additional study with 20 appropriate~
ly designed protocol.

Amoag those whose chloracne per-
sisted, there was & higher frequency
of low HDL cholesterol values.
Among those with only a history of
chloracne, there was a higher fre-
quency of high LDL cholesterol levels.
There were no differences found
between the two exposure groups
with regard to plasma lipid and lpo-
protein values

There was an zasociation of altsred
ulmona
FEV,, in thoss who were exposed and
who clrrently smoke. This suggests
the influence of the number of pack
years amoked 2a well as exposure.

that exposure to the 2,4 5-T process is
associated with an increased preva-
lence of esrdiovasculsr disesse, he-
patic disease, rensl damage, CNS or

peripheral nerve problams, reproduc-
L tive problema, or birth defects.

Tuis rtody was sopportsd in part by prasts
from the Natlonal Institute of Environmental
- Health Scances (ES-00159) end the Moasanto
Company and funds of the jnstitnte of Faviroa-

mental Haalth. lovaluahle ssalstancs in carryfng
outl the examination was providad by many

nction values, especially

There was no evidencs in this study .

pervana lda Blanche Suskind; Pam Winner,
Carol Warreo: Charsloite Osborne, RN: Loe
Rafslaa, PLD, Owen £ Dolin: A, B Saith, 4D,
Georgy W. Hambrick. Jr, MD; Charles L Hes-
ton, MD; Wayns E Bauman, WD, 404 Daasel F.
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