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A HEALTH SURVEY OF WORXKERS IN A 2,L4-D AND .
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Burezu of Science, Food and Drug Administration, Consumer
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% Division of Cerrmunity Studies, Bureau of Medicine, Food
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Health, Education, =nd Velfare, Aglanta, Georgia 30333
#xMedical Services Brench, Occupational Injury and Disease
Control, Buresu of Occupdtional Safety and Health, Environ-
mental Control Adninistration, Cincinnati, ohio

DS 00024510

e S

e : . i . : o e il gt e e g . A ma s e m—— e

T R e i M e e e,
¥

LA Al

MAXUS0326785

e B i e A Lo o man Wy LG L L, SIS Sy, m M T A“—L.
= Fad = N



] s‘, -
. - - ~ . _ e - - - -
t = .
. & - -
. ek
L] L} -
> : .
X i - i -
| ; ‘-i"" -
: :HTRO“"CTIOT
: The nsriicides 2,4-D‘ (2,,-dlcn_oropnpnoryacet:c gcid) and
3 . .
’ = 1, = "'. [ . ) ]
~ 2,&,5-2 {2,:,5-trichlcrophenoxyacetic acld) are n;ae- used

throughout the world. Several distinect medical probvlens have
been describad in workers involved in the production of these
compounds. These problems can arbitrarily be subdivided into

!
1) cﬁlora cee and mucous meMb”ane irritation, 2) henavoxicity,

neuromuscvlsr ayvntous, psychologic alterations and other systemic “,

symptozs, ead 3) perohyria cutanea tarda.

R 1. Chloresne snd Mucous Fenbrane Irritation _
Chlorscne {Perna's disnase, perchloronaphthalene disease)
has been Cescribed as &n extremely refractory acne seen in

workers Irvelved in the productxon of . several ch*o*lﬂated aro-

matic eop cendst Xirmig and Schulz 2,3,k described this

-  dermato1c5ic cendition in workers in a 2,L4,5-T7 factory. Th;
condition *S'character*zedrby inclusion cysts, comédomes;

- - pustules, end eveﬁtually scarring originating in the temple-
zygomatic erea wlth spread to the pinna, nape of the neck,
back, uppe> chest end inguinal area. Many of these patients

also had blepharoconjunctivitis.‘ The investigators showed that

"}“fﬁg 7 . purified 2,Q,S-trichlorophenol (TCP) was not acnegenic, but that

3;,l : 2 3,6,7--etrachlorodibeﬂzodioxin (dioxin) isolated from the crude

* Abbrevistions: 2,L-D, 2,h-dichlorophenoxyacetic acid; 2,4,5-T,

« 224, 5-tricz orophenoxyacetic acid; DCP, 2, dichlo“onnenol oCcP,
2 h,S-uﬁ'czlo"onnunol dioxin, 2 3,6 7-tetrachlorodlberzod;oxin,-.f
ALA, - ‘**Tevulzn*c acid; PBG, porphobilinogen; PCT, porphyria.

cutanea texda. MPI - Vlnnesota Hultiphasic Personality Invertory.  
,. = 7 DS 00024511 -
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ion mizture was &n extremely potent =c:-geni~ agent -

{

: when spzlied to rabdbbits’ ears? ne dioxin is ceonsidered an

jrpertant, but not necessarily the only acnegenic sompound in

2,k,5-T sroduction. o . . - : L
2

Ezwztotoxziczity, neuromusculsar nrob’emsz psvercicgic alter-

-
—II'N“

aticrs 2=& cother systemic symntoms.

ition to chloracne,. studies of workers in Z,AQS-T

3
[
(31
(%1

plén-s Zave freqnently noted other signs and ﬁy-nuons suggestive g ' }

of s?steﬂlc toxicity. These includa=: anorexia znd weight loss,

“?:;Jigfln« SR .abdemizal pains and post-prandial flatulence, “eacaches, weakness
'P:jgfff.i . in tze legs, and hepatic dysfunction. h:5,6 7 8 X1so noted were
psyc“*’ gical aliefatiéns: i1ack of vigor, drive, snd 1libido;

a3y fztigusbility; emotional insmbility; and dininished ability
to leééﬁ; ,ﬂ oL _ S 'f:‘l_ R i
3. Porziir ’ s Cutanea Tarda {PCT). . o o s : f: i
- —_— Iz 196&, Blifberg et al., reported on 29 workers in a 2,4-D |
‘:i; ff C ’ 'J'~and 2,*,;-T factory in which many of the workers had chloracne

and eleven had abrormal excretion of urinary uroporphyrins.
: Mhn, cf the workers, with and without uroporohyr-nufig, had -
hirsutiesm, hynerpigmentation and increased skin fragility. Liver

dysfuzction was noted in two hospitalized psatients.

B T T R I S N UL S T

- B —_— As a follow-up of BLé?berg's observations of a toxic

' porrkyria cutanea tarda in these factory workers? we restudied I
) all the employees in the same plant in February 159 with par- . .
1 - & . - . 3
ticulzr emphasis on PCT, chloracne, hepatotoxicity, and neuro- o )
l ; " psychistric symptoms. ) A
i &
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METHODS ' ' .

All volunteers submitted to a medical history and physical

exanination; special emphasis was placed on occuuatioral, smo?*ng,

nklng, and medication nlstor*es and the detection of any

neurologic or dermatologic si 18 and s;mptoms. )

The Minnesota Multiphasic Personallty Inventory W&as administ-
red to all employees, in a quiet atmosphere at wark supervised _:'
by management. The only exceptions were a few plant ednini strabra
who completed the invenﬁory at home, The individual tests weré‘
.-gcored by computer, end the mean and standard deviations coﬁputéd S

10 14 addition,” -

;or each scale and compared with normative datas
tae frequencies of high and low two point series wére determined.
* Each employee was given a Epttle of Glucola'®) (75 gn car-.
bohydrafe) to dripk, prior to Hhiéh they were asked to fast for
at least 3 hours. Two hours after ingestion, a blood semple was
cbtained end serum gluceoss and otherlbioéhemistry tests were per-~

an A
formed byAsutomated eclinical laboratory. In persons reporting

after 135 minutes, the two-hour serum glucose was considered
invalid and not included in statistical anaiysis; In addition
to the glucose, a serum glutamic-oxalacetic acid transaminase
(sG0T), lactic dehydrogenase (LDH), alkaline phosphatase,
cholesterol, bilirubin, albumin, total protein, bloocd urea

..

-, nitrogen, hemoglobin, hematocrit, red bloed cell count, white

-

blood cell count, serum iron and iron-bind*ng capacity were

pertormed on each employsee. ' : el

— ' DS 00024513
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A caszual urine specimen was collected from each volunteer
the pH adjucted to 7.0, and the specimen frozen until Torphyri:

anelysis, pgn ttempt was made to shield the urine from ultra-

" violet light, but tnis was not entirely setisfactory in the

. industrial’setting. Each urine was analyzed for #-aminole

evulinic acid (AL:L) ang porphobilinogen (PBG) b7 the method of

12 . : !
Schenkler et a1, The perphyrin and borphyrin brecursor levels R

were expressed Per gram of creatinine.
| Por statistical analysi;, employees wers subdividqd into .

several different groups according to locatlon in the plant,

éxposure to chenicals, and educational level. . A1l quancitative_'
Tesults are reporéea a3 mean + one standzrd deviation, percent

of incidence, or a correlation coefficient betwsen two variables

Significence was determinasq by the Student's test or x2 tesﬁ;
results reported gs nonsignificant apre those witn sigﬂificance
level {p valﬁe) 20.05. Wheps distribution of r2sults on g givenv
'cont;nuous vaﬁiable were not normally distributed, legaritimic
transformations Were made before performing t-tests or caléulatir

correlatiop coefficients. Means and standard deviations are alwe

reported as untransformeq values,

-

S " RESULTS .
Deseriptive Data ' T

Seventy—eight Persons were>studied in the plant, Five women
empioyed in the office were excluded Trom analysis. The remain.
ing 73,employees, 21l men, included one part-tims worker, and

4 persons who had not worked 1n the Plant for 1 to g months,

D " DS 00024514
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The group of 72 perscns 7T=a be subdivided in

.subgroups; (1} Prcdusiicn Workers - 28 perzons working in the

. production arez. {2} Suzervisors - 11 foreter spending most of

A ——— e

their time-in tze progucticn erea. (3) Mainfte=nzzn

various occuretions (pit unters, electricizns, etc.} some confined

L

to maintenance sheop end others freguently in tze production area.

(L) Adminietrzisrs end fechnical help - 20 men including engineers,

business office workers, lsgboratory techniciazs, and jJanitorial

building separated f*cn the production

n

:help, all housed in
area énd thus less gxposed to productien chea.cals

As seen in Table i, tse'average age of t’ﬂ 73 e—n‘oyees was
39.3+ 11.1% yé;re,'t&é sverage years of schooling 11.9 + 2.6
&éars and the everags éunztion of employment 8.3 yegf§.1,7.6
years (Table II). Taere %e?e 18 Negro and g5 Caucasian employees.’
Or_6h'wofk§rs éﬁés ticred, 22 ﬁissed more then cne day from work
due to illness iIn the past year. The average number of days lost
for.63'amployees was 2.8 days/&ear. (Thié excludes cne person |
hospitalized for almost 2 mﬁnths with a urinary tract infection.)

A specific der;atoloéic higory ;ith specfal emphasis on
acne and-borphsria wag taken’ from all che emc-oyﬂes and 211 were
examined by a dermatologist (PP).

The minimsl acne lesion consisted or comedcmes and-inélusion
cysts in the te*vle—z gemztic area and the pinna of the ear. 1In
‘.;ore severe cases, cysts and comedomes were accémpénied by

pustules on the fsce end ear, nape of the neck and back, and In

the worst cases, the c“est and inguinal area. With anatomic spread

"mean + L s.d. . “__ o _ . DS 00024515
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®
there was beﬂe.all" an increase in the severiiy of tkhe leslons
and in the scarring. There wers no erythemzitous or edematous

)
exposures?s

MActive acne" wasudefined as the presence of cysts; coredomes
aﬁd/or pustules (but not scarring). Cysts, comsdomes and pustules
werse graded accordlng to the severity (zrade O to 4) in each i
location (face, neck, back, chest, and other - five p0531b1e
areas). The severity grades for each lesion were summed over
all five locations; finally these severity sums fqrveﬁch lesion -
{cysts, comedoﬁ;s, puséu;és) were totaled to produce an 6ver#11_
.féctive acne” score (maximal possible score: grade L in ali S
locations = 20 for each of 3 lesions = 60).. Thié arbitrﬁrj

'rafing allowéd,us to deal with the degree of "active acneﬁ in a;.
statistical fom. Scarring was scored sepa ately by .the same  -
sjstem (gra&e 0 - I} times 5 possible areas = maximal_score of 20).

_TwentyéfiQefpersons had an "active acne™ score of 0 (no —
lesions), 35 had a score of 1 - 8 (minimal), and 13 employees
had a score of 9 or greater {moderate to severe).

Scarring was also a highly skewed parameter: 37 employees
had a score of 0, 29 hadva score of 1 - 8, and 7 had a score
greater thén‘9. 7 | | |

As seen in Table III, with inereasing "active acne™ scores

g - ;there wds a greaber prevalence of scarring, hyverpigmentatlon,
hirsutism, complaints of eye irritation, and higher scores on the
manic scale on the MMPI.

DS 00024516
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dztz is to cenvert the

l\\

expressing the canme
;." scores Lo & more normzl distribution by
logarithnric tra formatwon (see Methods) 2nd compare these trans-
formed scores with other parameters by corrslztion coefficients.
Scarr1 g, also a skewed parameter, was similsrly transformed.

"ictive acne" was correlated w1th the dsgree of scarring

p

{r=.80), and the presence of hype"pignentation (r=.38), hirsutism

o e
v

fff:{.f; ‘ o {r=.ll), and complaints ebout eye 1rr1tat‘c& (“—.39,. All the

.

sbove correlations have a significance level of p <.001, . The

T

®active acne scores were not significantly correlated with the

.ii;ﬁ Vﬂf-. dnration of emnloyment nor with the excret*on of coproporphyrins
per gren creatinine. S o SR S R |

B There was no sign ficantly greater occurence of acneAin ‘;i'; ' N
Negro enployeesrcompared with Caucasian workers (xa test). ‘-
one considers the entire poﬁuiation employed in the plant for

greatér than 14 months, the prevalence or'acne i3 not statisticélly
greater in fose persons with a history of Tteenage acne“ (X? test).

Eowever, 2ll & 1nd1viduals who stated they kad had "teenage acne"
and vho had werked in the plant for more than lh rnonths, did have

"active acne.” - K

The 73 male employees were subdivided into 5roups with

respect to present work 1ocation in the plan,. (TCP fonmation,

~DCP rqrmation, phenoxyacetic #cid production, esterificaton,

formmlation and storagé tanks, maintenance, supervisory, laboratory
«“help, administration): O0ften one man might work in several

Jlocations (e.g.'supefvisors might'work in TCP and IXP production,

and phencoxyacetic acld productioﬁ and.esterification). Then ‘f‘ 5

N S VP SV S D a e AU G S,
. ' Lo .. :
o P N

SERESIEE e R L DS 00026517
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loczticns in the plant,
differences,

and the nobllity of the worker

ras compered (by %2 ¢

«*

perheps beczuse of

8

to see il the severity of

of the empleoyees might be worse in certain
There were no statistically significant
e small size of each group,

However, as mignt be expected,

.the maintenznce men tended to have the most écne (having to clean

and repair vats and pipelines) and the administrative people

{(housed in e separate building) tended to have the least acne.

Mucous membrane irritation

By history, 7 employees complained of itching‘of the eyes,'

1Y} of frequent- tearing, ‘5 of ™lcod shot eyes", and 7 of styes.

On pbysical examination, however, only 3 (4.1%) were found to

have anpreciable conjunctival infection.- Twenty-three (31.54) t

inflamma*ion of the buccal mucosa.,'r

Hvoe“oizmentatior and Hirsuitism’

: emnloyees had hypermia of the nasal mucosa and 8 {10. 9%) had -

Eyperpigrentation, usuzally most prominent on the face, con=-

sisted of a grayish or bﬂownish tome to the complexion. Hirauitism

brow and the temple hair margin.

~ was most notable in the area between the outer edge of the eyo~

Both characteristics were. re-

. corded only as being present or absent. " As seen in Table 111,

there Were 16 suhjects with.facial hypertrlchosis and 30 with

hyperpignentation.

There is a significant correlation between

hirsutism and increased hyperpigmentation (r-.ZS, ? <. 05)

prev*ously mentioned, hirusitism and byperplgmentation are

signiricantly correlated with the severity of active acne.

Neither is significantly correlated-with coproporphyrin excretion.‘:

DS 00024518
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- Tne average values of ALA, PBG, and coprope rphyrin Jcund
in casusl urine specimens of plant workers are shown In Tadle IV °
along with the normal values from the literature. Trhere was
.{7'_ . o no abnormally elevated excretion of ALA, P3G, or cozTcror ;yrin.
| One employee, hospitalized several years ago with severerPCT,
$till has mild urcporphyrinuria (’07 u4’~mrcreatinine}. X
A overt cases of porphyria, however, were found dur ng tLis study. -
:5*§%f;u  , ~ . omly four of the eleven workers with urcporphyrinur criginally
| described by Blggberg e§ al9 were -still worklng in "e plant. ‘
Several of the seven emﬁloyees with uroporphyfinurla, who had
1eft the plant, had been retested by Dr. Bl*ﬁberg prior %o
1eav1ng and had been found to have no elevation in Lr‘nary
porp“y”in excretion. B T T, o

Several pertinent observations can be made about fhese :
ﬁrinary porphyrin values. The excretion of ALA, PBG snd copro—_
porphyrin were éll elevated in thé 15 maintenance men-versus '

the other 56 workers, the coprcporphyrin excretion/sp creatinine

' » was significantly elevated (48.3 + 1.l vs 36. ? + 19. 6, P <.025).

3 ‘5';‘ 7 Persons with higher values for coprophorphyrin excretion (> 50

| . mg/gn creatinine, n = 15) did not show any greater d&uration of
employment in the plant than those ith low;r values {(X° test).

‘There was ausignificant correlation (r=.42, p <.001) between

ALA excretion and coproporphyrin excretion. There was a signifi-

P R T v Py

S : cant correlation betwsen ALA excretion and sage (r=.1:2, » <.001)

ol

and a 31gnificant negative correlation between ALA excretion and -

y

RSN TOUP O AWK THER ¥ 90

serum bilirubin concentration (r--.26, p <.05).

RN ' : ~ DS 00024519
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Casual recording of the pulse znd blecd pressure was per-

A e ALt A Py 2

u
formed by a nurse. The average pulse was 85.1 + 10. 2/nin;
1 7 _ systolic blood pressure was 128.6 + 12. 8 mm zg; and diastolie
blood pressure was 75.L + 7.8 mm Hg. Only four persons had a
diastolic pressure greater than 90 mm Hg. Cardlac evaluaﬁion

was unremarxable exeept in 3 employees who reported myccardial

: - _ infarctions.

Pulronarv Findings

Twenty of 73 emnloyees (27. 4%) gave & history of a chronic ;
-cougn, emphysema, and/or fairly consistent “aieiﬁg of early - \
‘morning sputun. or these twenty workers, 14.(80%) currently

smoked cigarettes, and the cther 4 had smoked co“szderably in
‘the past. In the entire plant, 2 employees (57.5%) currently
ﬁsmozed cigarettes and another 15 (20.6%) gave a nistory of smok-
ing in the past. The group of current smozers averaged 25 6
pack-years. - '

On physical examinaticn.lﬂ workers wers judged to have some
impairment of maximal diaphragmatic excursion. Eight of ‘these
"gave a history of chrcnic eough or frequant early morning sputum
and one gave a history of asthma.
| - Although there appears to be an appreciﬁﬁle iﬁcidence of‘
chrogic pulmonary disease infthe ﬁlant, it is impossible to
attribute this to any industrially redated causé as suggested
by the report of Bauers because 787 of the em Jloyees now smoke

or have smoked cigarettes previously.-

DS 00024520
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otzl Yilinmubin tests (normsl range 0.3 to 1.2
mg/1C0 ml) and albumi

5.5 gu/100 ml) were normzl. Two employees had elevated serum

X
i
-
4]
(4]
*
P
o
cr

]

* corcenirations (normal Trange 3.7 to

5
b

glutaﬁic—cxalacetic acid transaminsss levels {norma; range
7 -.hs Ujrand two others had abnormsl alkaline phosphatase
concentrations (normal_rangé 7-18 KA U). Six-persons had a :
Palpable livep edge'(only~one of thése had an abnofmal liver
7 chemistry), - - ‘ ‘
Neuroiogical Findings

Several German authors ﬁotgd>lower extremity weakness and
fatigue in many of the'patiets with choracne in 2,L,5.7 factorieég?s
Only 7/73 (9.6%) employees In our study complained of lower i
extremity fatigue oé dirricpity climbing steirs. Piéé of thesq ]
workers gave é-history'of erthritis in the lower eztremiﬁies or
heart diseass with dyspnea, Thus, only 2/73 (2.7%) employees |
 experienced leg ratigue totally unexplaineq by ofheq concomitantf‘_-
" disease. TIn ne subject was 1§wer extremity wealmess detected
‘on neurologic examlnation. | - |
Ten workers had decreessed auditofy_acﬁity, four of these
had typanic membréne disgase. H& diserimination was made be-
tween nerve or bone‘conduction dé:ects. A dec:easé in olfactory
discrimination waé'observed'in only one employee and this was
m@sﬁ iikely due to hasgl obsﬁruction. Two persons had decréased‘

.séhsa of proprioception and three had ebsent . Achilles tendon

t e — ———— 40

reflex wi@hout other neurologic ‘deficits, Tremors were observed

in three employees. We Tfound no abnormalities of ¢ranial nervegs fi_fj

MAXUS0326796



Resulis =2 Tatargtory Determinations

&s :eiticned in the section on hepatic function, all.émployées
had normzl s bilirubin and albumin concentrations. Téo pefsons
had elevztes SGIT concentrations, and enother two employees had
abnormal a_.s"re phosphatase determinations.

LT ‘ , Only.c:e employee had an elevated blood ‘urea nitrogen
 ”ii£: jf ;; . {normal ra=gze &- 24 mg/100 ml) and only one had an elevated uric ‘
: | acid (no“~" *ange 3.0-7.9 mg/100 ml). The serum c&olesterol .

(normal rs=z= 133-294 mg/100 rg) was elevated in 7/7i. There

-

'ngi? o " was e surprising snd unexplainable elevatloﬂ in the zerum lactic .

A 'dehgdroge:ase (normal range 50-160) in 20/?0 {28.6%) employees;
this ma, Zi=Te been due to cenurlruging clinical et hemistry blood
specimen mere than two hours after sampling.
| The 2;Esur serun gluéose determination aftefran oral car-;

bohydrate lczd was judged satisfactory in 58 employees (see

o R ' ’ Mbthods). _Six employess (10. hd) had a 2-hour serum glucose of
- '5  -:?i ' ._" > 140 mﬁl” ter 75 gnm of carbobydrate. The average ags of
R o these six In3*viduals was SO 6 years; four had cﬁoracre' none
"gave a femily kistory of diabetes; and one was obese,

7 Only 2!72 employees had a hemoglobin of less than 13 en/
o - 1100 ml of tlosz2, 16 employees;(EE%) had a serum iron of less

e than 75 ug/1C0 ml., The mean serum iron wes 96 * 32 ug/100 m1

-d

ard only %2 e=ployees had a semn iron of 160 ug/lGO ml or

_ greater. Ths average percent saturation of the iron bipding

g capacity was 27, + 9.04, with 27 nersons (37%) having a percent
-iégtﬁration ?e/:: &C of less than 25%. Seven persons had a white

B - v A e ot &
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: -4 : blood cell count of less <han 50Ci/zzm~ . Dut in only two employees
: i ’ was it hO0C/=7 or lzsz. XNone of %z z=7=z kzd an absolute
i . . .=
i ‘ granulocytopeniz (<1300 neutrophils/mx~ 7 znd only one worker
. . . - L= , ’ :
had a lymphopania (€ 1072 Iymphocyize/=== ).~ The red cell
i : atelets, deiermined by szz— = the periphera. blood
morpholcgy platelets, 7 peris

- smear, were ncrmal 4n ell subjects.

MMPI Results - -

d

b my

The }MPI scores of the producticz m—=izrs (N=52) and the »

Coi adninistrative staff (including labereszws Sechnicians) (N=17)

were analyzed separztely bacause of tEs = ference between the .. .}

= g ‘ 1:30 groups in e;ﬁ?iror?:;,ental exposure z== =Zucztional level; .
oS —= . a‘é‘}ze Janitors, currently working In tZe 2Erministration building, - ]
o ‘ were eliminated from the analysis of tEe =iministrative staff |
g - ‘%ecﬁuse of a different educational backrvoumi and previous |
A exposurs as preoduction workers., g -

SHEE T MMPI results are bzcsed on an znz=Tx="s »f scores of all .

subjects on 13 separate scales. Tex cf ===se scales are de~- - 1

signedly common clinicel terms and ere TZos self-ezplanatory

. (see Table V). The renzining three scé?..s.-s,_ the L, F',' and X e
) ) . scales, measure the validity of the tes= zesults as an accuraté o

profile of the subfect. A high L scors Z=Sicates that the

Dno ‘ subject answered most guestions accordizz Ip eceially desirable

T .~ standards mther than according to indfw=Znz2 preferences. ~ More

- highly educated subjects tend to have Icw=r L scores; this is

:. consistent with our finding of Vsi@ifica:ﬁy,ﬂlower L scores in

. . 5 -ty -

. the administrative staff. a high_? scgre r_; be obtained if a

.
g

. , subject answers in a prankish way, if Ze Z=s 2 poor ability to

LI A

cL read or comprehend the items, or if he == ==2vzrely mentally

IS 00024523
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isturbed. Since only one subject cut of 5% nzd a2 high F score

gt

(F>15), the test seems to have been both unders ood and taken

L L S

seriously by the workers._

25 - ;i SRR B . The only significant éifferences in means on all scales

| between administrative staff and producticn workers were on the
F and Hypochondriasis scales, the procuct:on worksrs presenting
a8 more hypochondriacal picture than the adminis ratlve starr.
When scores of both groups of employees were compared withvthe

normal values given for the MM{PI Test sczles (mezn=50, standard

deviation=10), acministfztive staff and n"o‘uction workers varied

o, =——M,  significantly from normal. on a total of‘i‘and 9 scales respectively

(see Table V). The normal values for the HK?I, however,-were«'

-~

based on scores of a small ponulau;on of ¥innesota males who

i _ took the test Just pﬂlor to Wbrld Wer II'0 Since ﬂaﬂy obvious
115; ’ B o v_demographic @ifferences exist between the plant population end
: the "normal ?épulétion*, it was théught that a more meaningful

derinitidn of the plant popuiation would be cobtzined by search=-
- ing for personality patterns aﬁpearing iﬁ high frecuencies within

the plant. A high polnt code system was used ﬁhich grouped

subjects accerding to the two scales in which they scored the

highest. The following high point codes had the greatest

TSSR D VRS £ S A

frequency: administrative staff, hypomanic-hysterical, £-23%;

RPN

production workers, hypomanic-psychopatic, £=124. It is apparent

from these frequencies that no one personality pattern tended to

-

*

o b i

- dominate either administrative or productive group.
) ER 4 - ) Correlation coefficlents were calculated for each MMPI

scale with other parameters suchi as porphyrin excretion, chloracne,'

JRCTF VAT A
- .t
)

“,i R job history, and several biochemical tests. The only significant .

¥

e -~ 4 .. = . - DS 00026524
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nnelztlion was betwsen the score of =everity of "zctive acne
and the hrpomanic scale (»=,33, p=¢.01). Furthermore, the mean

nic sczle score for the group with the most severs chloracne

was gignificantly higher than the means of the two groups with

DISCUSSION |
Ache; developing from occupat*onai exposure has béen re- °
po“ted in persons working with a variety of chlorinated aromatic

,pounds (e.g. chloronaphthalenss, cnlorodlphenyls, uhlorbenzols,_

c_lorod‘benzodioxanea)1 16 17 In a series of papers, Kimmig

: and Scnulz2 BEnd Schulzlt descrived the Qccu;rence of chloracnel
';ijfii§ ;,: f_"' - in a 2,4,5-T factory in Germgny; They showed thét_2;3,6,7-g_- , {;
- - | trachlﬁrodibénzodioxin, {dioxin), an unwgnted sids“produc€ - ;
formed in the conversion of tetrachlorobenzene to 2;u,5-cr1- t%.ff
_ » chlorcphenate, i3 an extremely potent acnegen when applied tb '
'Tf?if -f. o rabbit!s ears or human skin. Puiified Z,h,S-trichlorophenoi '

end 1ts closely related reaction products (sodium E,Q,S-trichloro-

pbenate, 2,4,5-trichloroanisole, etc.) do not'produce acne when

v applied to rabbit's earsu The authors bonclude that the dioxin '
uj{t'{f:: 4“ o © is en important, if not the only, acnegenic agent produced in

the manufacturing or 2,h,5—T.

f"¥};i* ’J,T‘ Thirty-eight of seventy-three (52%) employees in our study
S - .. had some degree of acne, but only 13 ﬂl&%) had moderate to '

i it ‘gévébé lesions. Most previous investigatioﬁg of acne occurring
. . in 2,l4,5-T plants have selectively presented clinical and patho=-
fé "_ ’ logie findings in severely affected worlrs. In contrast, the '

present study surveyed the prevalence of acne'in the entire

DS 00024525 S
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reported a 504 incidence of conjunctivitis in 2,L,3-T workers

with acne. Although we had many compleints about eye irritation;

LT

only 3 workers were?oﬁserved to have conjunctiv;tis. Howeﬁer,
23 {324) ofvthe employees had ﬁyﬁeremia of the nzsz) mucosa and
- ? o 8 (11Z) had hyperemia of the buccal mucosa. o ' ok
I | Hyperpigmentation and birusitism were described in the toxic
porphyria caused by hexachiorobenzene, in the study of this
E b1fv ) I plant by Bleiberg et al., and in our study. .There are reasons
s B to believe that these signs which are ususallj'thcughi of as &
) part of tke PCT syndrbme may be more closely related to chlor-
A ‘“-f:éﬁ; ) aéne in 2,4,5-T plants: (1) The findings of Bkéﬁbe:g'et a1? I

1; o T that the degree or presénce of hirusitism and hyperpignentation . ]

§f ;'f}5*"::i B do not correlate well with the presence of uroporphyrinuria,

';‘-“?f; 75 S (2) our findings that the presence of the two charzcteristics -

A I correlate quite significantly with the severity of acne and not - g
i : . »

. at all with coproporphyrin excretion, and (3) the findings of
other studies of 2,h,5-T fgctories§’18 in which workers wsre

't?_Af. _  - o noted to have chloracne end hyperpigmentation, but no mention

RO R T

was made of skin fragility, vesicular erupticns, or red urine,

AN dhie A adad ad

Porphyria cutanea tarda (PCT) is an acquired porphyria,

oo o © generally occurring in men after age 40, in which one finds

sigrificant liver dysfunction and usually a history of alcholie N 1

DS 00024526

i 'r.a'...u‘...u),..“‘.,;lu..‘. PR L P L SN
i
g iy

MAXUS0326801



‘ benzene epidenic involvzna thousands of per son523 25;27 and

17
£ vesiculoh ullous -eelone on s&reas
of the vody expozed to 1ignt, ?zrsut sm, exc se;ve mechen;cal
srerpigmentztion, and excfetion of red
urine contzining en increzsed amount of ur roporphyrin and/or
coproporphyrin, but not a lerge increase in uripery ALA or
PBG!gs2 Frequently these petienus have .yperrerremia and hemo-
sider031s, and phlebotony ften reverses the clinical picture
and decreases porphy"in exc"etlon21 22 ,. . _

In 1956, Cam<3 described a large Othreak of PCT in Turkey
due to tbe accidental ingestion of hexachlorobenzene; Tﬁis was"ﬁ
the first ¢lear demonstrztion of a toxzc porphyria in Humans., .
Although many medications fSﬂdormld(R), griﬂquulvin, ‘ete. ) ) _
have preczpltated PCT in individuels, Watsonah argued this was_
merely overt expression of a latent genetic tendency for por=-

pbyria. The epidemiologic irvestigat*ons of the hexachloro-: e} ;:I

the outbreak of PCT dezcrided by Bllﬁberg et al., in the 2,#,
and 2,&,5,-T plant, however, support a direct toxlc_etiology ofv'

LT e

many csses of PCT.

In the report of BLJ?be"g et al? in 196h of this same
plant, eleven employees had uroporphyrinuria and several had .
hirusitism, hyperpigmen*eti:n and/or 3kin fvagzlity. .In the
three case histories presented, two patients had ?esi*uler
eruptions on exposed ar “eas of the body, two had hepatie. dyz-
functicn and the %two report ed liver biopsies fluoresced Inteaeely
with u.tra?io‘e irradiatiosnm, These three case histories un-

questionably rulfilled the eriteria for the diagnosis of PCT.

DS 00024527
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Our reexaminestion o ater revealed

ry
cr
W
[0
7]
]
|
[{}
3]

no elinical PCT; and only one employee nad mild persistent uro-
porphyrinuria. |

We have adninistered reagent grgde 2,1—_L-“loronhenol to .
rats and observed oral dose of 2,5—&1 hlsrcshenol causéd a 3-fold
increase in hepatic ALA ynthetaee activiily, the rate limiting
enzyﬁe in porphyrin biosynthesis. ﬂimi;gtc: end Ziegler29 re
ported a éeries of struecturally similar ehlcerinated Benzene
compounds which cuased experinental porpyriz in rats, ?he
dioxin, a potent hepatotoxln and acweaen, *as not been examined
for its ability to cause porpbyrinur*a in ex—e“imental animals.

Porphyria cutanea tarda (i.e., uronor::r"inuria, skin '
fragilzty, vesicular erubt*ons on the Sa.n} &ppears to be a o
symptompcomplex distinct from that of ""c'-m::"A (i e., cysts,

' pustules, comedomes, eand scarring of the skin); both were found.

in this 2,4-D, 2 ,h,S—T plant. The independens

[

of these syndromes:_
is supported by (1) the lack of corre’at*a tween the severity

or even presence of chloracne and uroporchyrinuris in B{éﬁberg'
study, and (2) the persistence of chloracne in the factory six

Jears later, despite the disappearance of the uroporphyrinuria ..

and skin fragility. = . -

The findiné of statistically higher cc:ro“orn hyrin excretins
in the maintenance men sﬁggeéts a higher toxic exposure in this
group. There is also a tendency towards =ore severe acne in this
- -groun. “These men repair the inside of reactven vessels and leak-
ing pipelines and although their exposure Is sporadic it is

apparently more intense., .

DS 00024528
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22 recent findings of EHaysashi et al?
tered bilirubin inhibits the in~"ctlon
_-ncﬂ hepatic ALA formation.

' Recently, much attention has been

on &nd ALA excreticn

[
0

cn betwsen the serunm

f

[

s censistent with
that':arenterally edninis-

of ALA synthetase und

directed towards the

£inding of hemosiderosis and hyperferremia in patients with

?CT,—often with an aleonolic history30s31,32 Although iron

abolism was not reported in the patlents with hexachloro-

be nzene intoxication, cnﬂlating agents

did appear to reverse

tze clinical symptems and porphyrin excretion3h In our study,

d-spite the absence of uronorphy inaria in the workers at the

c‘ﬂsent’time, cne might expect a tendency towerds’ hyperferremia.

Cn the contrary, we found an unexplainable trend towards hypo-

re*remia end a lower 1ror-binding satumtion, with 1little demon-~

strable. anemia.

‘Hepatotoxicity: Dioxin, which has been incriminated &s a

pote nt'acnegenic agent, hes also been shown to be very hepato=-

tcxie. A single oral dose of 0.05 to 0.1 ms/kg resulted in deah

{o2 rabbits) 1n one to two weeks. Autopsy revealed extensive

n_c“osis and enlargenent of the livers? -Similarly dermal

arplication of the tarry residues in E;L,S-T synthesis caused

rapid death in guines Pigs with gross hepatic lesions.S Clini-

eally, several investigators have looked for evidence of hepato=-

xicity in workers in 2,h,5.7 plants effected with chloracne. -

Bzuer et al? noted 2/9 cases with slightly delayed BSP excretion

three with abnormal liver biopsies.

DS 00024529
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ients wien chlcracne and RPorphyria, o subjects
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and hypercholesterolnmic Zeéra in theip subjects,
i : Hoff=an and Héneghini’astate they round o hepatt
: ' 20ns with an

[N I _ . 5 patients wity chloracne, y, found only > per
- R elevateq SGCT ang 2 otheis with an elevated alkals

ne phdSph&fase.

] ‘ Serun bilirypip and albumin concentrations yepe Rormal in g13 ]

Wy e

e=ployees testeq, Although dioxin, and otpep
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; i
jé Symplozs in our subjects, theip o¢currence was inrrequent and ;;‘
; Unrelated to the Presence op Seéverity or ¢hloracne, In addition, ;
f
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wofyers with decreased proprioception and one with findings
consistent with carpel tunnel «yncroﬂe. Six sub Jects were
’*‘::fb found to have an unexolained hearing deficit. It is'obwsﬁys
from the above frequencies, that the prevalence of objective
Vnacrolcgic abnormalities among thesc workers ﬁas quite small,
MMPI: Thc MMPI results arerimyortant in that they offer an
Vobjecti#e profile of the workers in one herbicide synthesizing
';5531;" ’ plant. Conclusions about pcrsonality changes secondary ﬁo'chronic ‘

exposure in a 2,4-~D, Z,h,S-T piant can only b° tenuous, however,

because we have no suitabls group with which to compare these
réesults. The comparison of MM PI results ‘of these factory workers
V#ith the "normal population” or ‘pre-World War II, ‘Caucasian

sﬁbjeccs from Minnesota was inescapable cince the scoring system
for the test is based upon this “norm."1° Vonethelesé, we consider
these groups incomparable. The only evidence we find to suggest -
any environmantal effect of this herbicide plant on personality

is the significant correlation between severity of chloracne (a
known toxiec effect), and the score on the hypomanic scala.

Thic is an interesting finding and somewhat contfadictory'to

the apathy and psychomotor retsrdation reported by Bauer.’ R

'Hany prier invcstigaticﬁs of both acute and chronic poison-

%f::iifﬁit; ‘11‘ . ing in 2,}4,5-T plants have reported the symptoms of anorsxia
B o with weight loss, fatigue,'decility, and asthenia2s5 However,
only onc cuthor has described in &etéil perscnality changes
thought to be associated with chemical exposure. Bauer et als .
:”f;é '!; - studied nine workers with severs chloracne which still persistcd,f{u
: - S years after termination of their exposure in a 2,&,5-? piant."A.

EE N WS TH L A T R U LI SR
s T
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4 1lioido al ernating with fits. of ange
h Tests performed on the nine wWoTHeIS

‘a weakengsd sémotional reaction, 2 lack of concentration, slowed

thought processess. and perseveration. This whole gyndrome was

designated ©F the term psychovegagative disorder.”

of a significant correlation”

s

The fnconsistency of our finding

between ryponania and chloracne and Bauer's descrip.zon of

jethargy, Sulled emotional response, and anathy "emains to be

adeqpate-j erpiained. P0351b’e reasons include a basic difference

in metboao’os‘es and a difference in testing period with relation

to ‘the tize ofAexposure.' Addztlonally, the severity end chronicity

of the o”b_nic d‘eeasp in Bauer's subjects may have jinduced S -

personeltay chenge which mask eny manic effects found with iess R
‘geveme cizease. _ . ‘ |
- . - SUMMARY

An intensive medical sudy of 73 male employees in a 2,4,5-T

factory was made. NModerate to severe chloracne wes found in 18%

of workers end the severity of the chloracne correlated signifi-

. cantly wvth the presence of bywerpisnentation, hirsutism, and

eye_irr-.a fon, and with a high score on the manic scales of .
the ¥wvPI, Chloracne was net, hewever, correlated significantly

with job location within the plant, duration of employment, or
cop*ono*;“,rin excretion. Although esven sub'ec,s with uro~
porpngr;nuria and at least three with overt porpuyria cutanea

tarda =24 been found in a study of the same plant &6 years ago,

no clinical porphyria could be currently documented and only

‘one. worer was found to have persistent uroporphyﬁlnuria.

DS 00024532
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Evidence of systemic toxicity in other organ systszms was markedly
3 : . ' .
"less then that reporited in previous studies of 2,.,7-T plants.
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21 "ONa R - - ) .
€L, 00 30 » c:
e I J L+ XX
SHLOH - ~1 J Zﬂc;
c1 vty Ot c1 | ) °1 -
53 Sl 1 1 . o
1,2,4,5 tetra-  2,L4,5 tri- 2,l.,5-tricnloro- 253:5,7 ietrachloro-
chlorobenzene " chloreophenate aniszole kenzodioxin

Although the structuies of 2,5-D and 2,&,;-- differ only
by one_chlorine,.the Qommerciai cynthesis of izs twe conpounds
are dissimilar. The sterting produst for 2,2,5-2 is 1,2,4,5
tetrachlorobenzene which is reacted with mst:ano- and agueous -;;r..’

sodium hydroxide to form Z,L,S trichloropkenztie, 2,&,5-trichloro-

In.

. gnisole and small amounts of severszl unwante siie products, e. g.,

‘ 2,3,6;7 tetrachlorobenzodioxin., Tze reacticn product is steam
stripped to.rémove the anisole.’ £t this peciznt, =zmpling of
various batches shows the dioxin to be presext in 10 to 25 pbm.'

About six months prior to our survny .he cc::a:y»-nstalled a

TCR Tdis Pecn..‘cen :
removed niost ¢f the d-vx_n.====s=t==n

>evice wHicH

22 NTAINGD
effinske-tad less than 1 ppm dioxin.

The 2,4,5-trichiorophencl (TCP) is reacted with monochloro-

- acetic ac1d {MCA) %o form Z,L,S-T. The latter is esterified

- : :-

with various alcohols or reacted with dimethylam ne, and then
formulated and packaged. Scme 2,L,5-T znd 2,L-D is sold as fhe-'ﬂw

unesterified acid in solid form.
Soa _ DS 00C24534
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The starting é;é=3=ﬁf'pcenol end.Cl, which react in an

_ exotherm1c p"ocess to form the 2,h-dichlorophenol {ICP). Sub- _

. X T e mel < w 24,5V

sequent reaction¥ to the pne:o7acetic &Cld L 31mllark‘ In
,h-D production there is no ‘o“mation of the dloxin..

II. The Plant

 ?ﬁu,a:,,- : The plant employs seve"al measures in an attempt to improve

(- LG:\Q
Sl ' industrial hyglene. M= work clothes are issued daily. There

are separate lockers for sureet end work clothes. ' All production’
workers said they showere@-daily-berore'leaving_the plant.

The DGP end TCP aré made in ome building and the 2,4-D and

2,4,5-T (acids) and'their_éstersﬁin another., Attempts have . o
been made to Improve ve;tilation,Aahd recently the company

has been successful in removing most of the dloxin before the

TCP 1eaves'the‘ﬁrga in whicﬁ it is-synthesized. A dermatologist
éﬁployed bj the compuny fisiés the plant at leastrweekly, largely

to treat the chloracne.

Almost 211 operétions are carried out in c¢losed processés
{(e.g. tank car to pipeline to reaction vessel to next pepeline
" to next reaction vessel, ete. ). There is of course some leakage,

and frequently men working in maintenance have to clean the in-

side of the reaction tanks of open pipelines.

e o e s e s e
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3. Production - 28 - hoa
k. Hainﬁepance : 1 L o 39.1 - 10.5 -

. " TABLE I

Distribution, Azs, and Educational Level of
Ace n

bl
ordi

Employees !

GCroun . rmnlovees o Age

1. Aéninistrators, 20 34.0 +12.2
Lab Technicians, . :
Janitors

1+

7.4
10-0

2. Supervisors | 11 . 6.8
hud
+

_ Total Plant | 73 39.3 % 1.1

Years Of
ScnooIing

13.8 + 2.3

12.7 + 3.0 °
10.6 * 1.7
10.6 + 1.8

. # mean * 1 standard deviation . ;

- - L :‘.

.es DS 00024537
et i b, DT et e - X

MAXUS0326812



———
b = . — e S wrt— — " o - - - -—— - - - -
. i -
. 2
i T -
¢ R - .
i .

PABLE II

Duration of E:nioyment in Plant

= Number of Years " Number of Erplovees
DR 0= b | 33
. \ : .
R h"s ' 10
T © S | 29 . B

STl - mean 1 8.D. = 8.3 + 7.6 years - ) |
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TABLE III
Dist=ituiion of Certain Si:nﬂl Symﬁtoms, and
Test Szores Among Three Categories of "Active
Acne" Severity '
npetive Acne” Scors __ 0O ) 1-8 >9_
/ . : ‘
Number of Employees 25 35 9 7 v
kR Hirusitism 3/25 (12%4) L4/35 (119) 9/13 (69%)
b Hyperpigmentation . 8/25 (202) 15/34 (44%) 10/12 (83%)
 Scarring -1/25 (L#) 22/35 (63%) . 13/13 (100%)
. Eye Irritation 1725 ( 4%) 8/35 (23%)  6/13 (L6R)
(Eistory of teszr- , . . s
ing, itching, styes, '
: "blood shot”) IR o o -
Mean Score on Menia 55.4 + 7.7  58.8 % 10.2  64.9 £ 10.5"
Scale of MMPI S : - : . e
& The persons' witn acne scores of >9 had aignificantly 'higher scores
on the Mania Scale of the Minnesota Multiphesic Personality Inveatory.
[ : o | DS 00024539
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TABLE IV
Urinsry Porphvrin Excretion

Plaht Values +

Upper limit of normsl

ug/gn creatinine. Normal Valuesis

haminolevulinic 1021 # 406 1900 + 600 31000
acid . . ug/gm creatinine L
prophobilinogen Lyl + 237 700 + 40O : 1500
. _ 7 . ug/gm.creatinine .
coproporphyrin 39.3 £19.0 0 - 175 ug/L 175%
uroporphyrin ‘ trace’™® o 1?15 ug/L 15™

+ = mean + 3.D. n = 72

*® Values derived from normal by assuming a 70 kg -man puts out _ 1.5 gﬁ

creatinine/day and 1500 ml of urine.

+ Measurable in only one person.

Lo
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’ | TABLE V |
¥ , . | ) ;
Sez_% S~zres on the "’;i:"-.r:esota Mulsiwhasis Perszsnelity Inventory ’
— 62 Produsiion Workers 17 Admintstrztion Worker
Meen ' S.D. o* Meen S.D. 2
L - 52,8 8.2 NS L6l 5.8 NS
X 53,2 8.9 " ¢C25 55.4 6.3 (025
Errcerondriasis 55.5 9.8 200025 L8.8 8.5 NS
Lez-s:zzion ' 59.5 11.2 €000 56.7 11.5 <01
: T Evztesie 59.0 8.8 <.0001 c8.9 6.7 <£.001
Pazraszsleviance 59.8 12.1 <.0001 £5.5 12.1 £.025 .
: Meze=linity 57.4 7.6 . <.0001 60.7 - 6.1 <.00025
- P Parzzcia . 52.9 8.3 <.05 s2.6 9.5 N§
i . Fzrczzzthenla . - B2.1 10.hL - NS 50.8 8.9 - NS
" Sczfzcrrrenia 51.2 9.8 ES 51.2 10.0 us -.
Sceofz® Introversion 51. 8.4 s 50.1 9. NS
- .. i E N . o ‘- ‘ .
" Zezrs of Schooling 10.9 + 2.1 (12215 3,
g . R .A ) B ~ : “’ " . . . S i
. Coomezerphyrin. e e ‘ ‘ + 1
exz=stion ug/gn © 38.8 * 16.0 37.9 + 24.7 RS i
. er=ztinine - » o S o {i
) Ec=*2> of Persons with e - ' - P
| zc=e degree of acne 36/52 : 10/17 ¥s :
_ : - e o . i
- - " Wistive fene™ Score 6.2 + 9.6 2.5+32 - nst :
. & Significance velues b?' Student's t test, comparing the above
pos=_=ztions to the "normal® population. ‘ , -
: + Significance by Student's t test. ' ’
T -_ ¥ 's:gniricaﬁce by %2 test. '
T E.2. The significant differences between the plaent groups are found
. .. 4n the L scale (p <.005) and the hypocrondriasis scale (p <.01). j‘
; - _Tne first would be expected on an education basis. ;
- . ) : _ |
' !
: ) !
g i . |
§ j
1 DS 00024541 ;
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Gewerbepathologie und Gewerbshvziene
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