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

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

¢ A clinlcal spldemlalogic study was conducted to determine the
long-lerm heaith ettects of workpiace sxposure to the procesg of manufac-
turing tha hecblcide (2,4,5-trichlorophenoxylacetic acid including contami-
nants such as 2.3,7,8-tetrachiorodibanzop-dioxin. The population conslisted
of two cohorta: 204 clearly exposad and 163 not exposed. Among tha
exposaed, ciinical avidence of chioracna persisted In 55.7%. None of the not
exposad experisnced chioracne deveiopment. An association was found
batwean the persistence of chiorascne and the presance and saverity ot
actinic elsstosis of the skin. There is sn association betwesn exposure and
the history of gastrointestinsl tract ulcer. Pulmonary tunction values among
those who were expased and whe currently amoked were lower than thoss’
who wers not axposed and who currently smoked. The data assembled In the
study Indicsts no evidence of Incressed risk for cardiovasciuiar disease,
hepatic dissass, rensl damage, or central or periphersl nervous system
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problisma.
(JAMA 1984:251:2372-2380)

THE HERBICIDE (245-trichioro-
phenoxy)ucetic "acdd (2,4,5-T), first
marketed in 1948, was used widely
until 1970 in large-scale farming,
{amily gardens, forest management,
and weed control alang roadsides and
railroad rights-of-way.

The medical and scientific comma-
nity was alerted to health problems
arising from exposure to the manu-
facturing process of 2,4,5-T following
& process accident (runaway reaction)
that octurred in a plnnt in Nitro,
WVa, on March §, .1949 The accident
invoived a kettls in which the inter .
.mediate trichlorophenal was  being- -
synthesizad. Those employees in-
volved in the cleanup. of the buiiding
and the repair of equipment axperi-
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enced acuts symptoms charactarized
by skin, eye, and respiratory tract
irritation, headache, dirriness, and
nausea, These symptoms.. subsided
within' one to two weeks and wera
followed by an acneform eruption,
severa muscle pain affecting the
extremities, thorax, and shounlders,
fatigue, nervousness and irritability,
dyspnea, complaint of decreased libi-
do, and intolerance to cold' An exam-
imation of the workers in 1949

" revesled a'savers and generalized

wndorm eruption (chloracne), hepat-
-ie "enlirgement, periphertl nearitis—
- delayed prothrombin : time, and in-
creased total serum lipid levels. By
1958, those symptoms and findin

mmm%

iver e chloracne,

although much impToved, persisted.’

In 1957, 2,37 8-tetrachlorodibenrzo-
p-dioxin (TCDD) was identified 23 a
toxie and acnegenic contaminant of
tnchlorophenol tyntheau The sub-

acute effects of this agent, which have
“been repeatedly observed in ‘humans,
“include chlorgene,'’ the moat consist-
ent clinical marker, liver function
impairment,"** peripheral neuropa-
thy,"** nervousness and irritability,"
‘persosality chaoges ™ gorphyria_cu-
tanea tarda ‘™ and hypertrichosis and

ypetpigmentation.” Elevation of
levels of blood cholesterol** triglye-

erides,’ ~glutamyl trans j-
dass @TP),: and alkaline phospha-
tase have been reported.

Texieologie stadies of TCDD in aai-
mals have revealed hepatotoxic ef-
‘fecta,™" teratogenic effects'™ sup-

" preasion of cell-mediated immunity in

mice and guinea pigs,” and the induc-
tion of hepatic carcinoma in rats.*
Some of the clinical reporta have
been concerned with the association
of cardiovascular diseass’ and an

Jncreased risk for cancer in mgglr._:-
tions exposed to TCDD. " Seve
comprehensive reviews on this entire
subject have been published."™"

A mortality analysis of workers
exposed to the runaway reaction
materials was conducted. Aa of 1979,
the Standardized Mortality Ratio
(SMR) for all causes of death wxs
0.69, with 32 deaths obsarved and
-—46.41 expocted. _For. the categories of
cancer and circulatory diseases, the
SMRs were 1.00 and 0.68, respective-
ly.=

A CLINICAL STUDY

In June 1979, a elinical examination
program was conducted that included the
active and retired employees of the Nitro,
WVa, plant, who were exposed to the
2,4,5-T process between 1948 to 1969. The
objective of the examination program was

2.4,6-T—Suskind & Hertzberg
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to determine passible increased risks, on a
long-term basis, for adverse cutaneous,
puimonary, cardiovascular, gastrointesti-
asl (Gl), bepatic, renal, neurclogical,
behavioral, and reproductive effects; ef-
fects on lipid metabolism and the possibil-
ity of increased risks for cancer. The
population included those exposed ta the
process accident as wel] as those exposed
to normal manulacturing processes and
included chemical operators and service
employees, such as pipefitters and me-
chanics. The control group consisted of
current or former employees of the same
plant who, sccording to interview work
history and personal work records, wers
never associsted with the 2,4{,5-T procesa
or its materials.

Subjacts of the Study

The total number of subjects examined
was 436, There were 419 white males, five
black males, one male of Hispanic descent,
one male of American Indian desceat, and

" ten white femnales. One subject among the

419 was exposed to the runaway reaction
residue in 1949 as a child. The seven
nonwhite males, ten white females, and
the white male exposed as a child were
ercluded fram this analysia There were
afsn 51 subjects whose possibie exposure
w13 limited, poorly documented, and did
not include work in the 24,5-T production
proceas. They are not included in this
raalysik. The remasining 367 subjects were
leyignated by exposure as followx (1)
~xpnsure without qualifieation: 204 sub-
jects who were involved in any sapect of
the production of 2,4,5-T, including main-
tenance from 1948 to 196%; and (2) no
erposure: 163 subjects’ currently or for-
merly employed at ‘the same plant but

; s~ DOvar.aasociated with any aspect of 2,4,5-T

production or maintenance of the produe-
tion facility.

All living employees, active, retived, or
terminated, as determined from company
records, were asked to psarticipate. To
constitute cohorts of the target sample
size, all those who volunteered participa-
tion in the study were examined: thua, it
was nat poasible to randomize the selec-
tion of participants. Of the living exposed
personnel, approximately 61% voluntarily
participated in the study, as did approxi-
mately 46% of the living not exposed

... personnel Tha only mgr_g_.hq data_avall-

able for ana analysis at the time of this stud y
were for personuel who wers exposed to
the runaway resction matsrials.”

Clinlcsi Examination

The interviews and clinical examination
with informed consent were conducted
during the week July !1 to 18, 1979, in
Winfield, WVa

The routine labaratory analysis of blood
‘and urine was'completed by Metpath.
Blood plasma 1ipid -fraction examination
JAMA, May 11,

"1984—Vol 261, No. 18

was carried oul by the Lipid Resesrch
Division (a National [nstitutes of Health
Center) of the University of Cincinnati
Medical Center using methods of the
National Lipid Research Project,” includ-
ing determination of plasma cholesterol,
plasma triglyceride, plasma high-density
lipoprotein (HDL) cholesterol, and esti-
mated” plasma  low-density lipoprotein
{LDL) cholesterol values Pulmonary fune-
tion tests, ECG, chest roentgenogram, and
nerve conduction velocity measurements,
performed by the method described ia
Goodgold and Eberstein,” were done at the
time of the physical examination. The
nerve conduction velocity measurements
were obtained for moat subjects {rom the
peroneal nerve for tnotor and the surul
nerve [or seasory {unction.

Clinical laboratory analyses included
blood calcium, phosphorus, blood urea
vitrogen, creatinine, blood urea nitrogen/
creatinine ratio, uric acid, glucose, lowl
protein, albumin, globulin, albumin/globu-
lin ratio, total bilirgbin, direct bilirubin,
SGOT, SGPT, alkaline phosphatase, iron,
total lipids, sodium, potaasium, chloride,
GGTP, complete blood ceil count and dif-
ferential cell count, thyroxise radicimmu-
noasaay, and thyroxine-binding globulina,
Urioalysis included routine examination

28 well aa detarmination ol coproparphy-
Tin and wroporphynn values {(Values were

* determined {rom a_ningle void sampie;
ence, the measurements cannot be re-

garded as valid.)

Analysls of Data

Data from questionnaires and the sub-
ject's medical history wers coded by
assigning aumerical walues o the re
spanses given. The subject's medical his-
tory and findings wers eoded using the
Systematized Nomenclatare of Medicine™
System. Laboratory data were entered as
received.-Data were keypunched and veri-
fied. The computer data were compared
with the original files for sccuraey. The
Statistiea! Analysis System™ computer
package was used for data analysis. As the
analysis progressed, editing continued to
ensure the greatest possible accuracy.
Multiple linear regression analysis" was
used to compare the expoesed group with
the not exposed group and to compare the
three chloracne subgroups with respect to

= plasma _lipid_Javels, pulmonary, function _.

values, clinical laboratory values, -and
nerve conduction measurements after ad.
justrmment {or covariables. The covariables
were age in the analysis of elinical labora-
tory values and nerve conduction measure-
mentn, age and smoking status (never,
former, and current) in the analyses of
pulmonary {unction values and age, and
smoking status and alcohol status (never
used, formerly used, and currently used) in
the analyses of plasma lipid values. Fish-
er's exact test™ and the x' test for indepen-

dence in contingency. tables were used Lo
compare the two exposure groups and the
three chloracne categories with respect o
frequency of abnormal findings on physi-
cal examination; pulmonzry function test,
and lipid anglyses. Fisher's exact test was
also used Lo compare the two expasure

groups with respect to reproductive find-

ings. Mantel-Haenszel analysis®™ was used
to compare the expased group with the not
axposed group with respect to (requency of
abnérmal findings on physical examina-
tion after adjusiment for age group (<50
and 250 years) and with respect to (re-
quency of abnormal findings on pulmo-
nary function test or abaormal plasma
lipid levels after adjustment (or smoking
status. Logistic regression analysis™ was

used to detect associations of exposure

with abnormal’ findings on pulmonary
function test after adjustment (or pack
years smoked. Log linear modela®™ were
used to detect associations between the
three chloracne groups and abnormal plas-

ma lipid Jevels after a.djuslmenl for smok-

ing status.’

RESULTS
Damographic Informatlon

Demographice data of the 367 white
males were examined to determine
potentially = confounding variables.
The mean ages of the exposed and
not exposed groups-were 56.7x0.7
(X+SE) years and '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
sod not- exposed groups, 34.8% and
13.5%- were retirees and 98% and
0.6% were terminated (left voluntan-

- ly or laid off), reapectively. Among

the exposed and not exposed groups,
9.4% and 12% reached no further
than the eighth grade, respectively;
T24% and 568% had some high
school education, reapectively. Among
the not exposed, 420% attended col-
lege, some to completion, while
among the exposed, only 182%
attended college.

, "~ Ateohol -qnd S_n;\ok!ng:" -

History of alcohol consumption was
not found to ba significantly different
in the two groups. When smoking
status (current, former, or never) waa
used as the criterion, no differences
were found. Among cutrrent smokers,
the exposed group had smoked signif-
icantly longer than the not exposed
by 19 pack-yeara (.0001<P<.001).
Among former smokers, the exposed
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group had smoked longer 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.

Higtory of Medical Problems

The comparison of the exposed and
not exposed cahorts for self-reported
history of illness is given in Table 1.
Chioracne was reported only in the
exposed group: 86.3% in the exposed v
0.0% in the not exposed The data
about the history of chloracne wers
determined oo the basis of statements
from subjects that ac acnelike erup-
tion called “weed bumps” appeared
after an assignment to a 2,4,5-T pro-
duction area. Records of the medical
department of the company and the
state Workmen's Compensation Bu-
reau stating that the person had
chloracne coafirmed many of these
histories, In the not exposed group, a
history of acne vulgaris was reported
more frequently 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 lcer 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
years 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 Gl tract ulcer, bow-
ever, exposure, not age, appeared to
be a factor.

Closer examination of onset of
ulcer in relation to exposure revealed
six aubjects whose symptoms oc-
curred before exposure. There were
also four subjects whose symptoms
occurred while they were receiving
corticosteroid therapy or high doses
of aspirin or that wers attribated to,
chronic aleoholism. If thess ten sub-
jects were omittad from the analysis,
there remained statistically signifi-
cant differences between the exposed
and not exposed groups (16.6% v
5.5%; P=5.01 on sge adjustment).

The complaint of loss of libido
oceurred 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  JAMA. May 11, 1984—Vol 2561,

Table 1, —History of Madical Problems v Exposuwre Siatus and by Age
Age <80 yr, % Aga =83 yr, %
Mot
Expoesd, Exposed, * Mot Mot
- * Exposed Cipossd Esposed Exposed.
Hiwrtory (A=204)° (M=183) (A=81} (a=100} (n=183)" (A=€3)
Chioracnef $ 84.3 ‘0.0 18.8 0.0 80,8 06
Acra wagare§ 5] 2.9 s 1.7 42,0 T2 0.6
Skin cances LR 2.5 0.0 1.0 3 4.8
Hypertenaions # 48 248 ave 10.0 e aat
Angina & 7.4 a.t 59 1.0 .9 143
Cororery srtery dhese™e g 10.8 A 2.0 a0 - s 150 -
Upper gastromteatingl trect "
woar § 207 55 13.7 50° 21.0 a4
Cancer of ad sftea”" .
(axoept skin] 0 12 0.0 " 00 ie T 32

dOGrhented ecriunan’s COmpentabon clavn lor chiacne,
1A, 0001: P valys tor Mamei-Haensl sl compariaon of azposed v not upoud acsoes aQa llnu

£.01 < AL.08; in anpossd; youwy v oid, by Fisher's exact 1eat;

1.001 <A<.01; P value for Mantei-Hasnatel companson of sxposed » nol upoud oo age stwia.
P03 -<PAL. 10 iy arposad, young v oid, by Fisher's sxacl (asl. .

1 P<.0001; N not exposed. young v old, by Fisher's exact iet,

2,001 <P<.01; in nol eaposed, young v oki, bry Fishe’'s ewact leat,

" e expoued roup, bladder cancer, Pwo: colan Cances, TYee; prosials Cancas, E:N; in the not

axpoaed Oroud, dladder Cancer, one; Melanoms, one.

‘One ol tw 204 subpcis did not compiets ™he Nterview/pfrysical exsminanon program g had a

Table 2.—Complainis of Nervousnesa and Sexual Problems to
Examining Physicisn or interviewer

ot Age <50 yr, % Age 250 yv, %’
Expoeed, Exposed, Rot . ot :
= “ Exgosed Expoved Exposed Exposed
Complaint (a=203] (n=143} {n=81} (n=100] (Aw152) (n=—83).
“"Nefvousness™ !
aruety / depresson * 18.3 1.7 7.8 15.0 2] 0.4
Decreased ot § @ 8.3 we sg - «08 L1% 4
Impotercs, nol ciherwise
spacified$ § 2r.8 1.7 7.8 20 . M2 7.0
*.05 < AL 0; In axposed, young v oid, by Feher's exact tee!,
1.001<<AZ.01; for Mantel-Haerazsl comparison of exp d 10 not exposed aCrows S04 Mirata,

EAC,0001; in reX sxposad, young v oki, by Flsher's sxact tsst
§.001<PA<C.01; In axpoeed, yong v oid, by Faher's exact ieel.
2,000 1 - AC.001; In exposed, young v cid, by Faber's exsact test,

by the older age group (Table 2).

As noted in Table 1, the reportad
history of skin cancer, hypertension,
angina, coronary artery disease, and
cancer of all sites {except skin) was
not found to be significantly nssoci-
ated with exposure. The sample size
obtained was sufficient (at signif-
cance level of .05, power of .50 [proba-
bility of detecting a true difference})
to detect a fourfold increase in skin
cancer, a twofold incresse in hyper-
tension, a threefold increase in angi-
na and coronary artery disease, and a
sixfold increase in cancer of sll sites
(except skin) for ‘exposed over what
was observed in the not exposed. Ax
noted in Table 2, the complaint of
nervousness/depression/anxiety and
the complaint of impotence were not
related to exposure. The aample size
was sufficient to detect a twofold
increase in complaint of nervousness/

No. 18

depression/aﬁxiety tor ‘eprsed over

not exposed. Although the sumple size

was sufficient to dstect erude differ-
ences between the two groups with
respect to complaint of impotence, the
difference disappeared when age wag
conaidered. ,
The exposed population was catego-
rized into three subgroups, ie, those
who never had chioracne develop
(n=28), those who had a history of

* chloracne only "{n=69), and those
whose chloracne persisted (o=107),

When the histories of medical prob-
lems were examined in 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 chioracne or to age
within the chloracne groups. While it
would seem (Table 3) that akin cancer

2.4,5-T—Suskind A Hertzberg
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Table 3. —History ol Medical Problems v Chioracne Sialug in Exposed Only and by Age
3
Chorscna Stalue, %
Age <50 yr Age =50 pr
Hialory Mo Metory [ History Mo
Only Cusrent Hiatory Onty Cusrent Hislory Onty Curvent History
Mstory* {n=e8) (n=10QT) {n=28) (n=10) (n=213) (n=12) (n=62) (n=84) {n=18) .
Aere wigens LY a5 " 150 188 6.7 333 sa 8.0 ins -
Skin cancer 8.0 2.8 kY] 0.0 0.0 a0 : kX ) ‘a3
Hypetensont 353 3s3 179 8.3 248 18,7 44.2 %2 LR
Arging 59 10.3 0.0 0.0 130 0.0 nr 0S5 0.0
Coronery srtery diseasst 8.8 140 28 8.3 1] 0.0 0.8 17.9 . 63
Upper Gastrointestnel tract uloer 19.2 252 14.3 8.3 2.7 a3 10.2 24.2 16.8
Cancae of of stes (azcept skin) 44 2.8 00 0.0 0.0 a0 88 24 00

" Al comparisons of ha three Chicracne calegones, both kv i (olal oroup and ki the fwd age GrouDs, wee lound 10 be Aot sgEicam by ‘1’ 108t lor indspendence

n conhngency ladles,

t 01< A 08 Jor hatory any, young v oid by x! tedt kv indapandence in contngency labies.
£ 05 < A< 10 for curent, young » oid by 1’ 108l tor ndependencs i conntngency tables.

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

\Vhile the number of subjects
reporting a_history of cancer (other
than skin) was small, all of them were

found in the grou ed 50 yea
ulder, and the percentage in the
exposed group was BoTMEMMEEHLTy
different {rom that in the not exposed

up (Table 1). The three bladder
cancers were reported by persons
txposed to p~aminobiphenyi, a rubber
additive that was also made in the
plant.

Physical Examination Results

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/diastolic values
were less than 140/9% mm Hg for
subjects aged 59 years or younger and
‘ess than 160795 mm Hg for subjects
#red 60 years or older, For diastolic
alone, less than 80 mm Hg was con-
sidered normal. Diastolic values of 80
to 89 mm Hg for ages 69 yeu-s"‘and
younger and 80 to 94 mm Hg for ages
60 years and older were considered

. borderline. Diastolic values-of 90 mm

Hg or greater for sges 59 years and
younger and diaatolic values of 95 im’
Hg or greater for ages 60 years and
older were considered high

The sigoifieant clinieal exaomina-
tion findings as related to exposure
status and age are found in Table 4.
Of those who were clearly exposed,

JAMA, May 11, 1984—Vol 251, No. 18

Tabie 4. — Significant Clinical Findings v Exposurs Slatua and by Age
Age <50 y1, % Age 2SO yr, %
Mot -
Expossd, Expoeed, Mot Hot
[ 3 « Exposed Expoessd Exposed Exposed
Finding (A=203) (n=163) (n=51) (n=100) (n=152) (nA=61)

Chicracres * 52.7 0.0 45.1 0.0 52.3 0.0
Acre wigartats | 2.0 (IR4 7.8 18.0 aa X]
Actinic slasicsle"{ & $2.1 30.1 7.3 18.0 €84 9.7
Basal cad eothedoma § 8.0 43 2.0 " 0.0 8.6 1.4
: Jairy, 0.0 00 00 . oo
Hirsutiem 8.4 1.8 a0 1.0 5.9 3.2

AZ,0001; P velue kr Martel-Haernazsl eamp-mnn of axposed v nol sxpossd ACTOSS &0 Birala.

of d ¥ net p d age sirala,

1.06 < AL, 10; £ value for Mantel-H

£.0001<PAC.00; In exposed, young vold, b,m-oual-ct

§.00t << AC.01; In hot axposed, youns v oid, bry Fisher’s exact (eel,
LOODt < PAC.001: P value for Mentel-Haermtel comparison of expo

sreta.

o
d v Hol eap d

§.0001<A<,001; In axposed, young v okd, by Fisher's exact lenl,
¥ P 0001 In not axposed, young v old, by Fiaher's essct lent,

§2.7% still had chloracne, 626% were
mild cases, 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-
nosis of chloracne include the initial
appearance of comedones, 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 arms,
and scalp and genitalia. The serotum
and penis are commonly affected in
persons whose clothing becomes
heavily contaminated by the acnegen-
ic material. Lesions may become sec-
ondarily infected, especially on the
trunk, forearma, and genitalia. By
contrast, acne vulgaris that usually
starta in adolescence is Bbeen as
inflamed papules, pustules, and come-
dones, on the perinasal aren, cheeks,
chin, neck, and back. It rarely, if ever,
starts on the malar or periorbital
areas. The skin of the affected sites in

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

Among the exposed, 59.1% were
found to have actinic elastosis in

.contrast to 30.1% among the not

age’,

exposed. There was a significant dif- .

ference in the occurrence of actinie

elastosis between the exposed and not.

exposed in both age groups even
though age ia a factor in this clinical
finding. Three cases of Peyronie's

disease were observed amoung the 204~ -

exposed. All of them had chloracne at
some time and they were sll older
than 50 years. Peyronie’s disease is
characterized by induration and sear-
ring of the corpus cavernosum of the
penia, producing distortion on erec-

2,4,6.-T-=Suskind & Hertzherg 2378



Tabla §.—Signiicant Clinical Findings v Chloracne Status in Exposed Only and by Age
Aps <50 yr, % Ace =80 yr, %
History Mo
Ontly, Current, History, History Ho Mistery Na
% L 8 Onty Curreed Hiatory Ondy Curtent HWistory
Flrnting {n=og) {n=10T) n=2m {n=18) (n=23) (n=12) {n=82) {n=04) {n=18)
Acre vdQans L5 0.0 10.7 8.2 0.0 250 0.0 0.0 4.9
Aotk slastonle*t g} 471 Y48 288 31.3 . 56.3 a3l 81.9 79.8 438
Basal ced srmhesoma 309 8.4 kX a3 Q0 a.0 58 10.7 6.]
Peyrore’'s disesse 2.0 0.9 0.0 Q.0 a9 0.0 a8 1.2 0.0
Hersutiant [« K] 10,3 0.0 0.0 8.7 0.0 0.0 10.7 0.0

.01 <AC.08; tor overst Sifferencss between the fvee chioracne categories In age 40 years of younger, by x' 1eet for Independencs in contngency leblee.
1.0001 < AC.01; for Svarall differsncad bitmeen the thwes chicracne calegories in soa 50 yesrs o olser, by ' leat for dependence in contingancy tabies.
$.01 <AC.05: in current chiarecne, yound v old, bry Fishac's exact tewt,

§.08 <A 10; In no hiatory of chioracns, young v old, by Fraher’s sxact teet,

Table §.—Exposure v Plaama Lipids
Exposed »ol Expossd
Plasma Upkds n X=ae % Qut of Range® n frse % Out of Raage* P Vahse
Cholesierol 200 211152253 1.5 M 183 204072297 104 HS
Trigtycartde 200 140882 7,84 145 183 150.6327.73 19.0 NS
Low-densty kooprotein cholesterod 196 138,7422.40 4 159 127.0822.80 a3 NS
}Soh-denaly koooroten cholsetercd 200 4587:0.01 0.8 183 “uz2=077 10.4 NS

‘Alaterence ranges for plamma choleslerdd, Iriglycenide. and low-density Rooorotem cholesiercl weres defined as lesas Man the age-apecific GO0th percennie as
Hetnrmmad Uy the Manona! Ligsd Research Protect, Reterencs ranges or high-densty kpoprotein cholesterol wers defned as abave e sge-epecific lenth percentis as

daleraned by Me Habone! Upsd Ressarch Progect.

‘lion.

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 epithelioma and a fourfold in-
crease in hirsutism for exposed over
what was observed in the not

* exposed.

- -Table 5 identifies the clinical find-
ings in the exposed population in
relation to chioracne statos. In these
groups, actinic elaatosis was found
preponderantly in the subjects with
persistent chloracne (74.8%), but it
also occurred significantly in those
with a history of chloracne only
(47.1%). Of the exposed with persist-
ent acoe, 10.3% were found to have
malar hirsutism: pine of thess 11
cases occurred in the group older than
S0 years,

Actinic elastosia ia a problem found

" in persons of light coloration exposed

over many years to sunlight (eg, fur-
mers’ skin and sailors’ skin). It is
characterized by swelling and frag-
mentation of the elastic tissue ele-

" ments of the dermis. There was an

association of actinic elastosis with
chloracne. It seems that the percent-

- age of persons with severe actinic

elastosis was related to presence of
chloracne and that it is more savere
when found with chloracne,

2378  JAMA, May 11, 1084—Vol 254

Plasma Lipids

Plasma choleaterol, triglyceride,
LDL cholesterol and HDL cholesterol
were clansified by age-specific percen-
tiles as determined by the National
Lipid Research Project data.” Plasma
cholesterol, triglyceride, and LDL
cholesterol valoes were classified as
out of range if they. feil above the S0th
percentile; HDL -cholesterol values
were classified a8 out of range if they
fell below the tenth percentile. The
[requency of out-of-range lipid find-
ings was compared for exposed and
not exposed groups (Table 6). Ne
significant differences were noted.
The sample size was sufficieat to
detect a twofold increase in the fre-
quency of, out-of-range cholesterol,
triglyceride, LDL cholestercl, or HDL
cholestercl values for exposed over
what was gbserved in the not exposed.
After adjusting for smoking status,
no significant differences 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. o

When the lipid levals of the exposed
group only wers examined in relation
to chloracoe status, there was a aig-
nificantly greater number of subjects
with low HDL cholesterol levels in
those with peraistent chloraene than
in those with a history only of chior-

. No. 18

acne or those who never had chlor-
acne (Table 7). There was a greater
aumber 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 for these
three chloracne groups were also
compared (Table 7), and no signifi-
cant differences were found.

After adjusting for age, height/
weight, smoking status, and alcohol
statua, no aignificant differences were
found between the two exposure
groups with respect to mean lipid
valuea. The interaction of smoking
status and alcohol status was also
added 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 bstween (requen-
cy of out-of-range lipid values and
chloraene status in the exposed group
only, adjuating for smoking status
Findings are as followa: (1) Out-of-
range cholesterol or triglyceride val-
ues were not associated with chlor-
acne status. (2) Out-of-range HDL
cholesterol values were associated

2.4,6-T—Suskind & Hartzberg
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Table 7.—Chiorscne Siatus in Exposed Only v Plgsma Lipids
Hiatory Oaly Curreed . Mo’ Hiatory
% Curt % Out % Qe
Plaama Lipid n Xxsx of Rengs* n TesE . of Rengs* " XzsE . of Repge®. :
Choiesiorol 67 215.10z4.87 "ne 105 210232317 28 20400x7.02 T4
Trighroaride 67  144.00% 14.88 r.s 108 153.84290.30 19.1 M 1491121438 143
Low-density kooprolen
choleateralt s4a 142,64 2 4.00 15.2 103 134.48x 2.88 7 120.98 £ 7.08 1.4
High-denalty koonrotein
chciesiorol§ ar 45.84 = 1,17 3.0 108 44832 1.3¢ 14,2 23 42762331 T

*Aetersnce ranges kv plasma cholesiertl, trighrosrids, and ow-denuty Fpopgrotein cholesloral were defined as Mis than the age-speciic OOt parcentie as

° et try tha Nath
detenmined bry the National Lipid Resserch Project.

i Upid Rsssarch Project, Relerence ranges ke high-denaity poproten

rol ware defined 86 above the a0e-4pecific lanth percentie as

1t P<.018; for comparing frequency of oud-0f-range levels in the Mree chioracne groups.
$1P<.08; lor companing requency of oul-olvange leveis in the hrke Chioracrw groupe,

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

Pulmonary Function Examination

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

- FEV,/FVC percentage leas than 70%

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

expased groups were compared (Table -

8). Among current amokers, there was
a significant difference in frequency
of aboormal pulmonary function vai-
ues between- the expossd and not
exposed groups, but there were no
diflerences smong persons who have
formerly smoked or among persons
who have never smoked (Table 8).
Logistic regression was performed

.. to' evaluate. the. relationship between

frequency of abnormal pulmonary

“*i:function values and -axposurs after

t o
H

sdjusting for pack years smoked.
QOdds ratios are given for these
parameters in Tabla 8. Exposure sig-
nificantly increased‘ the odds for
abnormal pulmonary function values
even after adjustment for pack years
smoked.

The means of the percent-predicted
values were compared between the

JAMA, May 11, 1984—Vol 251, No. 18

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

‘ to determine the nature of the reia-

"

tiooship, pa signifcant differences
were found between expased and not

exposed workers who never smoked or

who formerly smoked. Among current
smoketrs, however, there was a signif-
icant difference between exposed and
not exposed workers .with respect to
FEV, percent-predicted valuea.

Clinlcal 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 in 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 data of exposure.

ECQ .mi Roentgenographic
Findings

No differences were observed in the
ECG findings when the exposed and
not exposed groups were compared.
When the chest x-ray film findings in
the exposed group were compared
with those in the not exposed group
and separated by age, the arterioscle-

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

sure related.

Neurclogical Findings and Nerve
Conduction Velocity Messurementis

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

Nerve conduction velocity measitre-
menta require controlled atmospheric
conditions and uniform conditions of
testing. Ambient and body tempera-
tures were recorded. With the tech-
nology employed, it was at best a
screening procedure,

All subjects reporting diabetes or
reporting a high weekly alcohol
intake (=35 oz. of alcohol per week)
were eliminated from the data analy-
siy, After these deletions, there were
278 with complete sural and 294 with
complete peroneal examinations re-
maining. The data from the nerve
conduction veloeity 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..

+ S—on e

Reproductive Effects

Information on reproductive fac-
tors and 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—Suskind & Hertzberg 2377



Table B.—Eaposure v Pulmonary Funclion Findings by Smoking Status
Raeuits of Logietic
. Regrassion on
Putreonary Expoaed Not Expossd Poch-Years Smohed
Function Bmoking
Pas e ter Slatue n e Abwworvral n % Abnormal P Vobse Odde Ralia P Value
FEV,* Neorver k- 8. 40 4.0 HS .
Former -] 1.2 T 3.2 NS aee
Presant T4 270 45 4.4 0028 R .o
Totadt 23t 15.8 182 4.9 0013 2.8 015Q
Fvc* @ 20 51 40 .‘g) HS .
.-+ 18,7 T (%] H3 aee .
Presart T4 4.7 45 22 0oos .. “en
Totalt Fovald 11.2 1682 8.8 0038 2,28 0319
FEV/FYC % Never -0 LR 40 2.8 NS
Former [ -] 12.4 rr 52 NS ..
Proset Ta 25.7 43 8.7 014 P Ao
Totait 203 ¢ 15.8 182 49 0013 2.97 0090
FFiun® Neorvar » LT 40 1.8, K3
Former ] 10.1 17 13.0 N3 . P
Precam 74 3.5 s 1", 0038 ‘e
Totmt 203¢ C n2) 162 1.1 o038 1.80 0617

“FEV, inhcates lorcad axpwstory voluma in | ; FVC, forced vital capacity; FEF ..y, lorved fredexprasory Now rale.
tUnkncen smoking stetus, two subjects, One whose pulmonary funchon fect resull was Normal and is inciuded In the o,

Table 5.~ Exposure Group Means of Percent-Predicted Pulmonary Function
Paramaters Adjusiled lor Smoking Slatus
Semokiny Exposed Kot Expoeed
Furvction Pararmelier Status Yrae X2s5c ”
FEV,* HNarvar 107.1223.08 105,83 £3.03 NS
Formes 10,4322, 104,08 2,18 N3
Presant 8083+222 10233+ 2.88 0.0008
Totad £0.3321.43 104,42 21,57 0.0164
Fve* 92.7321.17 9T e0z 120 Q0064
FEV/FVC % 70.4020.83 798232008 0.0002
FFpn’ 101.00x4.02 100,168 £ 4,30 -]

*FEV, indicates lorced axpiratory vokune In 1 52 FVC, loroed vital capacity; FEF 4.4, forced midexpiratory

ficre rate.

Table 10.—Mean Nerve Conduction Valocity® for the Exposure Groups and for
the Chioracne Subgroups

C-Nu-lcnc Matory onlyt

. - Mecre Tosted
Category Ukar Peroneal Bural
3 T - -
!;szw 58.00£2.38 (0) ALTT £0.47 (160} 4208 £0.49 (150)
Mot Expowed -
Az 81.0122.39 (9) 42.0220.582 {134) 41,4020.84 {12m)

tpmmwhmu-wwm LD

¥ 2 5€ (n) - 58.0226.02 (J) 40.8820.77 (50) 41.1420.00 (51)
Chioraona, current . b
T23e sT.85:24.11 (8) 41.3820.60 (0a) 41,37 20.78 (74)
Chioracrve, vever
X izsetnl §2.10%0.00 (1) 40812112 (24) 7 41.2321.30 (26)
“Adhmted for ege, C

d with 4 o uinar, p I, and

sursd; WMMMdemmmmhw p-un—| and eursl,

EEE

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

2378
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Other Work Exposures
of the Study Popuiation

Other than 2,4,5-T and its interme-
diates and/or contaminanta, all of the
workers in the study wers exposed to
multiple. chemicals and industrial
processes under varying working con-

No. t8

ditions, at the same plant and/or
other plants, between the late 1930s
and 1979.

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

Seventy-nine subjects, or 21.5% of
the 367, reported in-plant exposure to
p-aminobipheny!l, a8 known bladder
carcinogen, during the course of their
employment. These aubjects are peri-
odically examined in a clinieal sur-
veillance program eatablished 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 data elicited from
this study, it is easential to consider
the characteristics of the cohorts as
well as the strengths and weaknesses
of the design of the study. With all
industrial populations at risk:in the

2.4,5-T—Suskind & Hertzberg
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Tabla 11, —Exposura v Reproductive Findwgs
Exposed’ - Mol Knposedt
Meoroductive Hstory (= 106034 (m=18234 Prodebdity

" Pregnancies X 429
MaCarrmoes a9 61 e

ruse par 1,000 preonanches 108,34 1188 . L]
Lrve birtha 678 ara
Stamirve [ B - [} ‘e

rats por 1,000 beasae 1 farm 107 1azs NS
Dead in 4 weshs 17 [

rete par 1,000 Ive birtha 20.84 14.09 NS
Chidren with birth deducts 18 . i3 - aew s

rvre par 1,000 ive birttm M .. 29 40 NG

‘i e siposed, reported birth delecta Inchude apine bilds, Lnepecried cardac anomabes, pydoric
slonuas, Undeatandad eetchs, mm obetructve detects ol wvwry Tacl Cud oot,

Lesney desson, ANOR wad), chetructive delects of Urinasy rec!, ciuh fool. sbeence of Angava, coNnOe el
dislocahon of fepa. Cyanc ygroma, Down'™s ayrcirorme, and harrda,

1 The orfferences in number (180 v 204 for exposed arnd 185 v 18] kor ROt axpossd) wers dua ko Men who
ey Clukfaas ar Man who did Not respond (Peo NMrvespondenrs 11 e Not epoeed, Pree 1 Be axpoasd).

Table 12 —History of Exposure to p-Aminobiphemyd (pAb) and
(2,4,5 Trchiorophenoxylacetic Ackd (2,4.8-T) v History of Bladder Neoplaams
© EXthar PAD sl
2.4.8T 2,487 pAN 14.5-T
or pAD Exposars Exposws Dxpaswre
Mietory* No; - Mo - Mo, W C Mot W
Blader harort 0 0.0 0 0.0 1 12..6 . 7 . °.9
Dincdier cancert o 0.0 (4] 0o -t N e X . E

‘Hetory as determined from inferview and repart 0 axamining physiciana.

1Flgurea e mutuslly exchusive.

United States, particularly for long-
term [ollow-up, randomization and
participation requirementa for pris-
tine epidemiological protocols are
rarely satisfied In this study it was
not possible to match the exposed and
not exposed groups demographically
oo basis of age, employment statua,
and education level. Although the two
gToups were deﬁned on the buu of
definite exposure to Z45-T

may have been exposed to 24.5-T, the

contamingnt TCDD, and other chemi-

cals varied markedly. Subjecis re-

~ ported exposure to the 2,4,5-T process

for as little a3 one month to as long as
2) years, and exposare was oftan

intermittent over a period of years, It
was difficult to accurately designate

the duration of exposure for many of

these persona. The data do not pro--

vide characterization of incidence or

and vidence of exposure to it?l‘ " dose-responne relationship.

aﬁhﬁm

tion was available about Jevels of
23TB-TCDD o the work emviron-

ment or in the trichlorophenol that
was produ ] produ

Z35-T. Since Z45-T was used ubiqui-
tously as & weed killer In many gar-

" dens and farms the posaibility of

exposure to some TCDD between 1948
and 1969 exists for both groupe. There
is current analytieal {nformation
demonstrating that dioxins including
23,7,8-TCDD roay also be present in
the community environment in 8y
ash and flue gases™ from incinera-
tios of domestic garbage and indus-
trial chemical wastes.™

The degree to which each subject

JAMA, May 11, 1084—Vol 261, No. 18

Data obtained from interviews and
clinical examinations conductad by
diffierent physicians have inherent
biases. Nevertheless, the available
populations provide useful informa-
tion on the prevalence of biologic
effects in the population- exposed, as
compared with those who were not
exposed to the 24 5-T production.

A comparison of manifestation of
effects to TCDD toxicity in humans
aa obeerved in this population with
those obsarvations made in experi-
mental animals must also consider
the acute, subacute, and chron-
ic effects in humans already re-
ported.""

The aubacute effects of TCDD tox-

icity in the group of expased persons
as described in the reports cited in
the references were characterized by
cutaneous, hepatic, and peripheral
nerve damage. [n other populations,
where hepatic changes were observed
as a clinical subacute effect, elevated
levels of SGOT, SGPT, and GGTP
were reported.*™” Doses of 1.0 ug/
kg/day in rats will induce altered
liver funoction, elevation of alkaline
phosphatase, lymphaid depletion of
the thymus, and incressed excretion
_lef,mumhniu.md 4-amino-
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 levels in long-
tecm exposure.” Elevation of alkaline
phosphatase levels was not observed
in those who were examined in 1949,
1950, or 1953’ or in this study popula-
tion ten to 30 years after exposure.
Tetracklorodibenzo-p-dioxin  was
found to induce cancer of the liver,
lung, palate, and nasal turbinates in
rats.'* An excess of capcer of all sites
wna not observed in the mortality
analynia of the group exposed to the
runaway reaction materiala,” nor was
an increased prevsalence of cancer of
all sites observed in this study popu-
lation. Cancer of the liver was not
observed in this study population, nor
was an exceas of cirrhosis noted.
High doses of TCDD (30 ppm),
administered orally or subcutaneous-

* ly, in pregnant mice and rats may

increass the incidence of cleft palate
in mice and cystic kidney in rats.” No
teratogenic effects were observed in
rabbits receiving 10 to 40 mg/kg of
2A45-T containing 0.5 ppm of TCDD
or in rats receiving 1 to 24 mg/kg of
2.45-T with the same TCDD content.”
It has been demonstrated that hyper-
plasia and ulceration of the gastric
mucosa occur in monkeys after lethal
doses are administered.® [a this study
population, a statistically significant
increase in the history of upper GI
tract ulcer - was found . when the

exposed wers compared with the not -

Birth defects as reported by partic-
ipants in this study showed no differ-
ences statistically between the ex-
posed and not expased groups. In
rhesus monkeys receiving 500 parta
per trillion of TCDD, early abortions
and inability to conceive were ob-
searved.“* Thesa affects have not been

2,4,6-T—Suakind & Herizbarg 2379
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observed in this study population.

This study indicates that the pilose-
baceous effects ol exposure to the
2.4.5-T process were persistent in 53%
of those exposed. The effecta af the
kind of care received by the various
subjects may be a factor in persiat-
ence. Sioce biopsies of the size
required to identify and measure
TCDD were not available, the pres-
ence of TCDD or its metabolites as a
factor in persiatence could not be
ascertained. There was an zasociation
of actinic elastosis with the occur-
rence and permistence of chloraene.
This can be interpreted as increased
susceptibility to UV radiation dam-
age.

There was an association of history
of upper GI tract ulcer with exposure.
It was not possible to ascertain a
designation of uleer by site without
Gl roentgenography or endoscopic
information. Among 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
suggestive 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 exposure warranta
additional study with an appropriate-
ly designed protocol.

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

There was an aasociation.of altared

ultnons
FEVY, in those who wers exposed and
who clrrently smoke. This suggests
the influence of the number of pack
years amoked aa well as exposure

S ' There was no evidence in thia study .

that exposure to-the 2,{,5-T proceas is
associated with an increased preva-
lence of ecardiovascular disease, he-
. patic disease, renal damage, CNS or
peripheral nerve problems, reproduc-
.tive problemas, or birth defecta.
This stody was supported in part by grants
from the Natonal Instituts of Enviroumental
Health Scances (ES-00159) and the Mocsanto
Company snd funda of the Instituts of Esvirnn-

mental Health, Invalosble aszistance in earrying
out the examinstion wes provided by many
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