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Senator HART. The hour being 12:25, I suggest we recess until
2:15.

(Whereupon, at 12:25 p.m., the hearing was recessed, to reconvene
at 2:15 p.m. this same day.)

AFTERNOON SESSION

Senator HART. We resume this afternoon to hear first from Dr.
Julius Johnson of the Bow Chemical Co. If a corporate entity can
have a spirit attached to it, the comparing is a distinguished cor-
porate constituent of mine.

STATEMENT OF DR. JULIUS E. JOHNSON, VICE PRESIDENT AND DI-
RECTOR OF RESEARCH, THE DOW CHEMICAL CO.; ACCOMPANIED
BY ETCYL BLAIR, DIRECTOR OF DOW AGRICULTURAL CHEMICAL
RESEARCH; V. K. ROWE, DIRECTOR OF THE DOW TOXICOLOGICAl
LABORATORY; AND GEORGE LYNN, DIRECTOR OF GOVERNMENT
REGULATORY RELATIONS OF THE DOW CHEMICAL CO.

Dr. JOHNSON. Thank you, Senator Hart.
I have with me Dr. Blair, director of Dow Agricultural Chemical

Research, Mr. Rowej director of our Toxicological Laboratory, and
Mr. George Lynn, director of our Government Regulatory Relations.

Senator HART. Thank you. You are all welcome.
Doctor, you have given us a statement. We will order it printed in

full in the record and as you go along, if there is any extension or
summation you care to make, the record will contain the full state-
ment in any event.

Dr. JOHNSON. Senator Hart, the policy decision has already been
* m l i t * • T '11 1 * j.1made and announced this morning. I will, however, with your per-

mission, read my testimony, all except the last part which deals with
some historical matters that already appears in the record.

Then, if you would permit, 'I would like to make some additional
comments which may be appropriate to the process of shortening the
time interval between the discovery of a suspected toxic phenomena
and taking appropriate action.

I would also like to refer back to some earlier work done under
Senator Ribicoffs guidance in his committee and quote at least one
passage from that work published in 1966, which I think is appro-
priate to the issue, if I may do so.

Senator HART. By all means.
Dr. JOHNSON. Thank you.
Mr. Chairman, I am Julius E. Johnson, vice president and director

of Research and Development of the Dow Chemical Co., Midland,
Mich. I also served as a member of the Secretary's Commission on
Pesticides and Their Relationship to Environmental Health, May 8,
1969, to November 7,1969, chairman, Emil M. Mrak.

I have with me George Lynn, director of Government Regulatory
Relations of the Dow Chemical Co. V. K. Rowe, director of the Dow
Toxicological Laboratory and Etcyl Blair, director of Dow Agricul-
tural Chemical Research, are also present to assist if necessary.

This statement is concerned with the herbicide 2,4,5-trichloro-
phenoxyacetic acid, which has often been referred to as 2,4,5-T and
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the chemical intermediate 2,4,5-trichlorophenol used in the manu-
facture of 2,4,5-T.

An announcement was issued October 29, 1969, by Dr. Lee Du-
bridge of the Office of Science and Technology which referred to
birth defects observed in tests by the Bionetics Laboratories using
2,4,5-T in various dosage ranges in mice and rats.

This announcement preceded the final report of the Panel on
Teratology of the Mrak Commission appointed by Secretary Finch
which, since May 8,1969, had been reviewing the effects of pesticides
upon health and the quality of environment. At the time, October
29,1969, members of the Mrak Commission had not seen the Bione-
tics report on teratology.

Following the announcement by the Office of Science and Tech-
nology, I became particularly concerned because Dow is a manu-
facturer of this herbicide. Consequently, I made a diligent effort to
trace the source of samples used and learned that the 2,4,5-T sample
came from the Diamond Alkali Co. (which no longer makes 2,4,5-T).

Moreover it was learned that 2,4,5-trichlorophenol also tested by
the Bionetics Laboratory came from Coleman-Mathison-Bell who
had obtained the sample from McKesson-Bobbins who in turn had
procured it from the Dow Chemical Co.

2,4,5-trichlorophenol is used as an intermediate in the manufacture
of 2,4,5-T. Hence, the quality of 2,4,5-T is related to the quality of
its intermediate 2,4,5-trichlorophenol. The chemical process used by
Dow for manufacture is as follows:

1,2,4,5-tetrachlorobenzene is hydrolyzed in a solution of methanol
and sodium hydroxide in water to form sodium 2,4,5-trichloro-
phenate. This is in turn reacted with sodium monochlorpacetate to
form sodium 2,4,5-trichlorophenoxyacetate. The solution is acidified
to precipitate and recover the 2,4,5-trichlorophenoxyacetic acid.

Since 1950 we have been keenly aware of the possibility of a highly
toxic impurity being formed in 2,4,5-trichlorophenol as a side re-
action under conditions of elevated processing temperatures. The
most sensitive toxic reaction observed in humans to this impurity
was manifested by a condition known as chloracne, a skin disorder
mostly prevalent on the face, neck, and back.

It is similar in appearance to severe acne often suffered by teen-
agers. We also knew that if the impurity was present in the 2,4,5-
trichlorophenol it could be carried forward to the end product,
2,4,5-T. It is not formed during the manufacture of Dow 2,4,5-T
from the 2,4,5-trichlorophenol, nor does it form on storage even at
high temperatures. To avoid the impurity in 2,4,5-T it is necessary
to keep it out of the 2,4,5-trichlorophenol.

Our early control test was a bioassay. This consists of applying a
solution or the material to the inner surface of a rabbit's ear and
observing for the typical skin response described in a paper pub-
lished in 1941 by Dow scientists. I wish to insert in the record at
this point the paper entitled "The Response of Babbit Skin to Com-
pounds Reported to have cause Acneform Dermatitis," by E. M.
Adams, D. D. Irish, H. C. Spencer, and V. K. Bowe, published in
Industrial Medicine, January 1941.

Senator HART! It will be printed.
(The information follows:)
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The Response of Rabbit Skin to Compounds Reported to
Have Caused Acneform Dermatitis

E. M. ADAMS, D. D. IRR.H, H. C. SPENCER.
and V. K. Rows,

Biochemical Research Laboratory,
The Dow Chemical Company

Midland. Michigan

/np\HOSE of us acquainted with the industrial
I field have recognized the need of an experi-

•*• mental method for studying skin irritation.
We would profit greatly by knowing the potential
skin hazards of a substance before it is put into,
use; we would be able to take proper precautions
in the cheapest and most satisfactory manner and
many undesirable incidences could be avoided.

In the literature there are many instances of
irritation tests upon the skin of animals, but ap-
parently there has not been a comprehensive
study. In an attempt to develop an experimental
method, we began about six years ago to study the
responses of rabbits' skin to various types of sub-
stances. We considered the possibility that if
enough were known of these responses to different
types of compounds, particularly to those with
which there has been considerable human experi-
ence, then these responses could be organized to
form the basis of an experimental method.
.Acneform dermatitis, characterized by such

lesions as folliculltis, comedones, nodules, papules,
pustules, and inflammatory changes, has been re-
ported arising from exposure to quite varied sub-
stances including petroleum oils and greases,
shale oil, paraffin, zinc oxide, chlorine, tars,
pitches, chlorinated diphenyls, chlorinated naph-
thalenes, and crude chlorinated phenols.1- '• '• *• •• '•
1.1. ». 11. u. K. it. >«. ». i>. u. ». ». u. M. tr. a ». » n. ». >i.
:a The recent occurrence in this country of such
an acneform eruption, '• '• "• "• * sometimes called
"chloracnc," has attracted particular interest, and
we included in our animal studies five types of
substances known to cause the reaction. Today
we wish to describe the unusual response of the
rabbits' skin to these materials and to consider its
possible significance.

Experimental Part

IN OUR experiments, materials have been ap-
plied to the inner surface of the ear of albino

rabbits and to the shaven belly. The undiluted
materials have been used as well as solutions of
various concentrations in olive oil, paraffin oil
U. S. P., propylene glycol. ethanol, and water.
Liberal applications were made on the ear with-
out any covering. The applications on the ab-
domen were made in a small cotton pad which
was covered by a large bandage of filter cloth
held in place by adhesive tape. Applications were
inadi1 iimi' a day. five- days a week, for four
weeks in- until a marked reaction resulted.

Tin- responses obtained following the applica-

ilon of some hundreds of test substances are
easily arranged according to type.

Certain of the strongest irritants produce *
rapid destruction of the tissue (necrosis), without
the skin having an opportunity to show an activ«
response. Irritants with milder and slower actions
than this have some effect upon the tissues, u «
i-esult of which we see certain responses on th<-
pai-t of the tissue. Most irritants haw resulted
ir responses In the rabbits' skin which tend t»
develop rapidly and to subside in a short lime
This relatively rapid response, which wo haw
termed a simple irritation or reaction, may in-
elude, depending upon the severity, any of the
following: hyperemia, congestion, inflammation,
exfoliation, edema, blistering, sloughing, exuda-
tion, crustation, necrosis, Induration, hair In*
Microscopically one may see hyperemia, conga,
tion, hemorrhage, edema, blistering, leucocyte
infiltration, sloughing, and various degenerative
changes.

One type of response has been observed, how-
ever, which requires a somewhat longer interval
in which to become apparent, and which has •
much more prolonged course. This latent if action
is a proliferativc response which may possibly
occur in any of the structures of the skin, but that
about which we arc particularly concerned now
is epithelial hypcrplasia, with its resultant thick-
ening of the skin, follicle- enlargement and it-
((uellae.

Naturally responses vary to some extent, and
we have observed various combinations of these
reactions, depending upon the substances applied
to the skin and the intensity of action.

For purposes of classification we have arbitarily
divided the proliferative response into the follow-
ing five groups according to intensity;

1. Least detectable.
2. Very slight.
3. Slight.
4. Moderate.
5. Severe.

While there are naturally no sharp breaks be-
tween these, and some overlapping occurs, di-
vision was rather easy and has been very useful

Least detectable epithelial hyparplasia: Th»
.degree of response is manifest as. an incmaird
prominence of the hair follicles on the inside 14
the ear. The little clots that one sees on the Iruidr
of the ear simply become slightly larger. Afar
exposures arc ended this enlargement rcgrcim
In a short time, leaving the skin apparently n<>rmil
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This degree of response Is commonly seen as part
of a mild simple irritation which is maintained
by repeated exposures. Thus far we have been
unable to attach a particular significance to this
intensity of reaction.

Very slight epithelial hyperplasla: This reaction
ippears on the ear as a slight enlargement of the
hit follicles, which protrude and become hard,
causing the ear to feel rough. The thickness of
the ear may be increased. A very slight scaly
defoliation may accompany tl.ls degree of re-
sponse, but seldom is there any detectable
hyperemia or hair loss. On the abdomen one sel-
dom sees any gross evidence of hyperplasla.

Slight epithelial Jij/pcrplasin: In this reaction
the ear increases In thickness to about twice
normal and feels slightly stiffened and "leather-
like." There is some hyperemia, scaly exfoliation,
»nd hair loss. The hair follicles become slightly
enlarged, raised niui hard. On the abdomen there
may be a slight thickening of the skin and an cx-
(iiliation, but enlargtnont of the follicles Is not
apparent.

Moderate epithelial hyperplaiia: This reaction
consists of a thickening of the ear to 3 to 4 times
normal as a result of which it is quite stiff and
leathery. The follicles on the ear become moder-
ilely enlarged, raised and hard, causing the sur-
face of the ear to feel like the coarsest of sand
piper. After a time the protruding hard masses
ttn be easily expressed by the finger-nail or by
bending the ear. At times the enlarged follicles
tre not apparent until after considerable exfolia-
tion has occurred. A moderate hyperptasia is
usually accompanied by a slight to moderate
hypcremiii. Exfoliation of a granular or scaly type
be of moderate intensity and hair loss is nearly
complete. After a number of weeks the ear is
oMiiplctelv denuded df hair, slightly pitted, with
.1 slight or moderate h»vcrcmi;i and possibly some

lion- The alxloi.iinal skill may show a
simple irritation than dues the car; hy-

ia. edema, and even sloughing and exudii-
linn have occurred. Hyperemia is usually main-
tained during the course of thickening. The ab-
tliiminal skin finally becomes hard and stiff, fol-
lowed by a marked scaly and granular exfoliation,
which persists for weeks.

Severe hypcrplasia: This reaction is usually
preceded by a marked simple irritation, including
even necrosis; however, there may be only
hyperemia and edema. As a severe hypcrplasia
progresses, a marked hyperemia is evident until
obscured by the thickened epithelium. The thick-
ness of the ear is increased" to many times normal,
tars at least 1 cm. thick having been formed. As
i result they become wry stilf. hard, and heavy.
Exfoliation at first has a granular consistency,
bier flaky, and persists for months. The enlarged
hair follicles are burled under the thickened epi-
thelium and become apparent only after con-
(jdvrablc exfoliation has occurred. From them
Urge masses of keratin may be expressed leav-
ing pits that may reach 2 to 3mm. in width.

On the abdomen the hardened mass of epithe-

lium cracks and lifts oft* in large pieces like por-
tions of a cast. Often beneath these is a soft,
cheesy, foul-smelling material, which soon dr'es
and comes off revealing a markedly cxfolir.ting
skin beneath.

The exfoliation often has • granular consistency
at first, which later becomes flaky. There Is •
complete hair loss.

This proliferation of the epithelium seems to
progress only to a certain extent, even with re-
peated applications of the provoking agent. The
slowness and persistence of this latent reaction
is to be emphasized. The maximum of a severe
hyperplasla usually has occurred in the neigh-
borhood of two weeks, the largest amount of ex-
foliation around four weeks, and a scaly exfoliation
and hyperemia have persisted for months.

Although we make exposures upon both car
and belly, the skin of the car appears to respond
in the most satisfactory manner. There the mildest
reactions are more apparent and the enlarged
follicles are more easily seen. As a rule the ab-
dominal skin shows a more marked simple ir-
ritation.

Histology

MICROSCOPIC examinations were made us-
ing 107,, formalin as Sxative, paraffin for

imbedding, and hematoxylin-eosin as stain.
the slightest hyperplastlc response is shown by

a very slight increase in thickness of the epithelium
and the development of small projections (like
papillae) of but a few cells in size. The early
stages of more severe responses show increasing
degrees of thickening of the surface and follicular
epithelium. Numerous projections reach down-
ward from the surface epithelium, nearly to the
cartilage of the ear. The follicular epithelium
spreads outward and downward, often completely
engulfing hair follicle and sebaceous glands. Ap-
parently there Is also a hyperplasia in the corium.
Accompanying this hyperplasla, one may see con-
gestion, even occasional hemorrhages, edema, and
leucocytlc infiltration.

Later the rate of proliferation apparently les-
sens and those changes resulting in keratinization
become more evident As those changes leading
to keratinization progress from the lowermost
layer of the epithelium, which constitutes a basal
layer markedly displaced from the original, large
masses of material are thrown off. Thus in one
section of abdominal skin we see a thick layer
of partly keratinized and degenerate tissue being
thrown off above a flat, normal-appearing stratum
eorneum. At the hair follicles most of the tissue
undergoes complete keratinization, forming the
hard plugs that may be expressed. Completely
engulfed follicles and glands are destroyed as the
hyperplastic epithelium Is keratinized and thrown
off.

The sebaceous glands have seemed to be in-
active. One sees them, apparently normal, being
engulfed by proliferating epithelium. Some glands,
of normal size and appearance, are seen opening
into the pits or cysts: others arc seen with their
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ducts extending through large masses of kera
tinized epithelium.

Sections taken at a late stage show an atrophic
nr very slightly thickened surface epithelium and
numerous large pits surrounded by slightly hy-
pcrplaslic rpithciiuni. The corium may still be
Ihickrr than normal.

Ulliniiitrly there is a tendency for the pits to
broaden nut and become shallower, ami one sees
a very Irregular atrophic epithelium.

Discussion
'pHERE are certain points which indicate a
1 relationship between this reaction observed

in the rabbit and the acneform dermatitis of man.
First, the reaction in the rabbit was produced by
5 types of substances known to cause an acneform
dermatitis in man. They were chlorinated di-
phenyls, chlorinated naphthalenes, chlorinated
diphenyloxidcs, crude chlorinated phenols, and
petroleum oils. A few other types of substances
have produced the epithelial hyperplasia, but there
has been no exposure of these on man. Wackcr
and Si-limini-ke'-'1 reported the experimental pro-
duction of epithelial hyperplasia with various oils,
fats, and paraffin. Sachs,'-"' and others, apparently,
have produced the identical epithelial hyperplasia
in rabbits with a number of dyes. In his review
of the pertinent literature, Sachs states that the
most common dermatosis arising from exposure to
aniline and coal tar dyes is eczema; however,
warty growths and acneform dermatitis have also
occurred. Thus it appears probable that the de-
velopment of an outstanding hyperplastic response
of the rabbits' skin is specific for those substances
capable of causing an acneform dermatitis in man,
and possibly, the related papular and warty erup-
tions.

Secondly, by gross and microscopic examina-
tion, the enlarged follicles produced in the rabbit
resemble the comedones, nodules, and cysts of the
dermatitis in mun. In both cases there is a rela-
1 ively large pit or cyst whose walls arc composed
ul epithelium and which contains varying amounts
of kcralini/.cd epithelium, and at times hair, hair
follicles, and debris.

In both the rabbit and in man there is hyper-
plasia of the epithelium. Proliferatlve changes
have not been stressed in descriptions of the
human reaction and probably have not been seen
to a greater extent because tissues were taken
»t relatively late stages of the reaction. There are
reports iof increased numbers of mitoses and of
thickening of the rete Malpighii. '• "• »• «•» Pros-
scr White34 describes acanthosis in the "primary
papule" and considers one Important factor in the
production of oil folliculitis to be the chemical
irritant causing auxetic cell growth. The ability
of tar to cause active mitosis is well known. "
Bornemann's3 first case, examined at a late stage,
showed more mitoses than normal and slight
thickening; but in his second case, examined at an
earlier stage, the thickening of the epithelium was
much more marked.

Although mention is often made of sebaceous

cysts In descriptions of the acneform dermatitu
only two instances were found of the specific mu-
tton of sebaceous glands in descriptions nf t:»
microscopic picture. Jones and Alden11 rcpnrtr*
slight cdeiiHitiius changes in a few gliimls the,
saw; Curgil and Acton" said that the selwniu,
glands were unnffcctccl. Borni'mann" felt that Uv
cysts were of sebaceous origin but admitted U.
difficulty of proof, and his description shews tine
to be essentially cpithuliJ structures.

These facts, together with our experimental „.
suits, indicate that the so-called "sebaceous cytU'
of the acneform dermatitis in man are directh
the result of an epithelial hyperplasia. Their t*>.
tent of sebaceous-like material Is probably dw
to the occurrence of inflammatory and degenrn
tive changes in the mass of epithelial tissue. O
course, the retention of sebum may also occur
and influence the picture to some extent, but tia,
appears to be a secondary reaction. Bacterial a..
fection may be a factor influencing the iiatur
of the reaction.

Conclusions
'•pHERE have been a number of hypotheses c.».
1 corning the formation of this acnrform erur.

tion in man. w-" We feel that evidence shows itu.
acneform dermatitis to be :hc visible respona- „'
the skin to an irritant acting upon it from UV
exterior, and that this response takes the form <*
first epithelial hyperplasia, second inflammilun
and degenerative changes, and finally rcgcnrrj.
tive processes.

And in conclusion, it is possible that this ap-
parently unusual response of the rabbits' skin ni-
ters us an experimental method which will :•
dicate the ability of substances to produce it
acneform dermatitis in man.

Bibliography:
1. BEITMANN: "Chlnr-uUnc.' erne bwindrir Form v<«

profes»iraicller Haulcrkriinkuni Deal. mttl. Wwlaiat,
27.437-440 (1901).

2. BI.ASCIIKO: Drnmrlul. Zeil. 18. 70-72 (1911).
3 BOKNEMANN. W.: IMvr die HMnlngta dor Cliln,

acne. Arch. /. BITIII. 11 S|l|A. «'- '»••» (11102V
4. BUTTI.ECI. M O.: Aniodirnl Uermulmb) 1'mdllixd (.-,

Ortho-(:-nilori<pheii.vM Ilirwil Sodium and TVIwlik,.
lilwniil Sodium. Arclt. IVrra. mid Sl;|ilill. 3.1. 251-iu
(19*7).

5. COHHTOIS-SUCHT. TOUBAINK IT MKNtrnn.: EluV
-ur rinli-xicatii-n pii-fi'ssiinini-llc pur If Irlrhlnni-nipt.
ihalonc. Aniwli-i de mnl. lev. tic rrimlu. 14, 4!J.»r
(1934).

6 CURGIL. D. F.. ;md H. W. ACTON: Jute DrrmMi!^
(»diiin i. Med. R«. 15. 557-JOO (1924-5).

7 DUTTON. W. F.: rrtrolcuni Dvrmntitu. Mcdiral IU,.
ord, 140. 550-55! (1934).

I. DUVOIH. M.. Apropus *•« drnniiliwoi pnilrbio..
nollrs par If tricliloi'iiniiphlhiilene. Aftiiiilt'x dt* m^d. l<|
dc criinii,. 14. 539-544 (11I34I.

9. FOI.TON. W. B. mid J. L. MATIIEWS: A PrelimimrT
Report at thr Dcrin:il"li>Biral •mrt Systemic Kllctl. ,(
Exposure to Hoxachl<iri<-niiplith:ilcnc and Chlordiphrn>:
Pcnno. Dept. Liibor. Special Hull. No. 43-(19.W.

10. HMXIIEIMEH. K.: Ui'lxr nilnroknc. »/iincli,.u. M^
Worhn«-lir. 4«, 278 (1899)

11. .IAMBON: Treatment "f Ei'nma with C.uil Tar, A,,
de derm, el dc- Jjipli.. Jim.. 1909. pago 2i. QnoM h; R



365

fWccr White, The Dermulcriiomw. H. K. Lewis and Co.,
Ui, Umdon. 1934.

12 JONES, J. W.. and 11. S. AI.VCN: An Acncforin Dcrm-
lttr(i»ll. Arch. Derm, anil Syt*. 33. 1022-1034 (I93«>.

U. LEWW, L.: Ucber nlltfcmcfno uiid Hiuilvcrgiftunjf
Audi Petroleum. Vircluna'i Arch. f. Pathol,, jtfiaioiiuV u.
«„. 112, 3S-6S (1888).

H. McEwEN: Acne due to Tar. 1. Cut. Dl«. 39, H33
,l»11).

1$. MACKENIIE, S.: A COM of Tar Eruption, Brit. 1.
«„.. 10, 41? (1898).

14. MAYCM, M. R.. and M. G. SILVEUKHG: Skin Condi-
uu ReiulUnf from Exposure to Certain Chlorinated
tydnearbiuu, J. Induie. Hug. A Tax. 20, 244-258 (1938).

|7. NICOLA* and J. LACASSAGNC: Un cm d'acne chlori-
mil, Boll. ioc. /raac. dermal, el «|/pn. 36, 223 (1929).

II Nocum-Mont. S., and M. GKAV-BMKIIA'. Cuntrllni- •
un i I'etude dea polkllodermics A propo« de troll caa de
nildfrmlc folllculaire et plgmentolra d'orlflne exoeeiw,
j,« -te derm, et de lypn. S. 179-401 (1*34), 7th Krlca.

It OanOH. O.: On the Local Effect! of Crude Paraffin,
uu M'* •»• "• S44'M1 (««»-»>•

j« OrrcNHEiM, M.: Airrctliiiu of thp Skin Gnucd by
,yr<i|Kilii>n nnd Profnwlon. The Mfdlc.il l'r<.»» 16D (N1I»).

.« ( .
'I r«UE. C. C,.. and I, n. Huslmrll: Oil Kolllrulltlt. 7.

. ' «•» «»S1>. .
ij I'g.wiN. II. S.: On n Hilhrrtii UndoM-ribcd Kurni of

Sim DiMwr. iJinccl. 1«74. il. 724-J.
y. Pu»v. W. A.: C:i«c of Arnr. /. OK. Dl«. 26, 426

• If08>-
54 Ross. H. C.. and J. W. Caorrca: The Problem of the

Pitch Industries and Cancer. The J. H. Mc-o
fMrn Rcsearehn. 1913. Quoted by R. PKOSSOK WHITC,

Tlic DiTmtitercfwes. II. K. Lewin mid <'«. Ltd., London,
lfl.14.

:'.1. SACHK. <).: Kllniwhc und oNncrlmrntelli! Unterauch-
uniit'ii ueber die Elnwlrkunff vnn.AnihnfHrbNtorfen auf die
r.iciiMf-liNchc und Tieriiu'he Hnut. j4rc'i. /. Oi'rin. u. .Vyjjft.
110. SS5-6K4 (1913).

26. SroiT. A.: The Occupiitlon:il OcrmatOKa of the
IVmiffin Worker! »f the ScotlMi Sluilv Oil Induatry, Brit.
Wed. J. 2, 381-3M (1922).

27. S£zAav, P. VAI.LCHV-RAIK>T. imd flENorsr: Melanoee
de Rlehl, butiton d'huile, hwrWnitow folllculaire ehe<
un ouvrlcr tourneur cur nuituux, Bull. <oc. /ran;, de.
deniHit. et dr >ypn. 34. 139-.43 (1927).

28. Suuacacu. M. B., A. ROSTCNIUC. Ja., and J. J.
RHM: Acncform Eruption*. IV. V State J. Afed. 34, 899-908
(1934).

29. TII.IKV: Die Pernskrankheit, K"n. Wchntchr. 6.
845-848 (1927): 6. 897-901 (1927); 7, 214 (1928).

30. ToraVKA. R.: Study of tliv So-called ••Oclkratic,"
Produced by the Industrial Use of Mineral Oil and Tur-
l»ntlne. j«p. Xelt. f. Derm. a. Ural. 17, 399 (1917). Ab-
slnirlrd In Brit. /. Oermmol. 29, 227-228 (1917).

31. TOURAINC. SOI.ENTR. Mf.mrracr. jihd AVBHUN: Ciqu-
:.cili-<|iuitio »w de HermutitlH pur trichloronaplithul^ne,
null. HIT. fram: dr derm, et di- «0ph. 41. 265-268 (1934).

32. TuaNEH. J. A.: An fVcupiltianul Dermntoconioils
..rnnni! Zinc Oxide Workers. U. .S. Public Health Report!
.16. 2727-2732 (1921).

.13. WAaoe. W.: A Case of Oil Folllculltis. Brit. J. DC?.
natal. 12. 2I2-21S (1900).

34. Wiiire. R. PiinssEa: The Dcrnuitcrifoses, H. K. Lewis
nnd C<>.. Ltd.. tandon. 1934, pp. 195-241.

.15. Occupation and Health, International Labour Office,
Geneva. 1930. See Chlorine, Con'. Tars, Paraffin, Petrol-
eum Oils. Pitch. Shale Oil Industry.



366

Dr. JOHNSON. Thank you.
fAs early as 1944 we were monitoring the oils removed as impur-

ities from the 2,4,5-trichlorophenol process by the rabbit ear test
It is in these waste oils that the impurities are concentrated.

In late 1964 some workmen developed chloracne and our bioassay
program showed that the chloracne potential of the waste oil from
2,4,5-trichlorophenol process was building up to a danger point.

This came about from operating changes made to improve produc-
tion capacity. Exposure to this waste oil was the cause of the acne
in the workmen. (This waste is routinely destroyed by incineration
at high temperature.)

The plant was summarily shut down. Bioassays of Dow 2,4,5-
trichlorophenol and 2,4,5-T being produced at this time were nega-
tive. We confirmed that the principal offending impurity was 2,3,7,8-
tetrachlorpdibenzo-p-dioxin. Technology had advanced by early 1965
to the point where we were able to develop a gas chromatographic
method for the tetrachlorodibenzo-p-dioxin with a sensitivity of 1
p.p.m. in 2,4,5-trichlorophenol and 2,4,5-T.

I wish to insert in the record at this point a paper entitled "The
Determination of 2,3,7,8-Tetrachlorodibenzo-p-aioxin in 2,4,5-tri-
chlorophenpxyacetic acid by Gas Liquid Chromatography," by the
Dow Chemical Co.

Senator HART. It will be printed.
(The information follows:)
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THE DOW CHEMICAL. COMPANY
• MIDLAND. MICHIGAN 4««4O

A N A L Y T I C A L M E T H O D

June 22, 1965 MLW.65.11

THE DETERMINATION OP 2,3,7,8-TETRACHLORODIBENZO-p-DIOXIN
IN 2,4,5-TRICHt.OROPHENOXY.ACETIC ACID BY

GAS-LIQUID CHROMATOGRAFHY

;. Scope

This method i's applicable to the determination of 2,?,7,S-
:etrachlorodibenzo-p-dioxin in 2,4,5-trichlorophenoxyacetlc acid,
fhe dloxln can be detected at the one ppm level with a lower
limit of 0.5 ppm possible at optimum .operation conditions.

I. Principle

The 2,2,7,8-tetrachlorodlbenzo-p-dloxln is separated from
:he 2,4,5-trichlorophenoxyacetic acid by means of an extraction
iith chloroform. The chlorofoi.n extract is concentrated and then
chromatographed. The 2,3,7,8-tetrachlorodlbenzo-p-dioxin in the
•ample is measured and compared to a known standard.

i. Safety Precautions

2,2,7,8-Tetrachlorodlbenzo-p-dioxin is capable of causlnp a
severe.delayed skin response (chloracne) upon minimal contact,
Samples suspected of containing any of this compound should lie
•andled so as to prevent all skin contact and Inhalation. Wear
Impervious gloves (rubber, polyvlnyl chloride, etc.) at all times
ih'en contact is a possibility. Clean all equipment with acetone
,'jllowed by a chloroform wash. Dispose in such a manner as to
prevent all skin contact, any potentially contaminated equipment
'r materials which are not readily cleaned wltn chloroform, i.e.,
-.owels, gloves, etc.

i. Apparatus

(a) Gas chromatograph, Aerograph A-600-D with flame
:;nization detector, Wilkins Instrument and Research, Inc.,
ialrmt Creek, California, or equivi ient ,

(b) Recorder, -0.05 to +1.05 nilllvolt, full span, one-second
:vjll response time.

(c) Syringe, Hamilton microliter, No. 701N, or equivalent.
(d) Syringe, Multifit 5 cc, Becton, Dickinson and Company,

:r equivalent.
(e) Syringe, Yale 1/4 cc, Becton, Dickinson and Company.

:r equivalent.
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(f) Centrifuge
(g) Injector insert, Pyrex glass for A-600-D. Available

from Villeins' Instrument and Research, Inc., Walnut Creek,
California (Note lla).

(h) Column, 1/8-inch O.D., 0.081-inch I.D., stainless steel
tubing, five feet in length packed with reagent 5(c).

5. Reagents

(a) Solid support, Chromosorb W, 60/80 mesh, Johns-Manville.
(b) Partitioning agent, SE-JO, Slllcone gum rubber-methyl

(Note lib).
(c) Column packing, five percent by weight of SE-JO on 6o/6c

mesh Chromosorb W. Available from Wilkins Instrument and Researcr.
Inc., Walnut Creek, California.

Carrier gas, nitrogen, commercial grade.
Chloroform, ACS grade.
2,2,7,8-Tetrachlorodibenzo-p-dioxln, available from

The Dow Chemical Company, Midland, Michigan.
(g) Sodium hydroxide, 1 N solution. Dissolve 40 grams of

reagent grade sodium hydroxide in one liter of water.

6. Chromatographic Conditions

(a) Oven temperature, 225*C.
(b) Inlet temperature, 260°C.
(c) Carrier gas flow rate, 75 ml. per minute as determined

by the moving soap bubble technique.
(d) Attenuation, such that a response of at least 50# of

scale Is obtained from a 1,0 microliter sample of a standard
containing 100 micrograms of 2,3*7,8-tetrachlorodibenzo-p-dloxlr.
in one milllliter of chloroform.

7. Preparation of Standard

it! Again read Section 3-
Weigh, using a micro-balance, one milligram of 2,3,7,8-

tetrachlorodibenzo-p-dioxln into a ten ml. volumetric flask.
(c) Dilute to the mark with chloroform.
(d) Inject a 1.0 microliter sample into the chromatograph.

See Figure I for a typical chromatogram.

8. Procedure

[a) Weigh 10.0 grams of the sample into a four-ounce bottH.
[b) Add 20,0 milllliters of chloroform and shake for one hx-
(c) Place the solution in a centrifuge tube and, with

proper balancing, centrifuge for five minutes.
(d) Using an eye-dropper, draw off as much of the clear

chloroform layer as possible into a two-ounce bottle.
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(e) Add 25 ml. of 1 N sodium hydroxide to the chloroform !
«tract and shake for. 15 minutes (Note lie). I

(C) Centrifuge for five minutes,
(g) Using a flve-mllllliter syringe, draw off as much of the

•ottonTchloroform layer as is possible into a small vial. Note
:.lls volume.

(h) Evaporate to dryness in a hood.
(1) Take up with chloroform to 5-0# of the volume noted In step

'z). This final solution represents ten grams of sample per ml.
•f chloroform.

(j) Inject 1.0 mlcroliter Into the chromatograph and measure
•,r.e response of the 2,3»7,8-tetraohlorodibenzo-p-dloxln. Figure II
i-ows a representative chromatogram.

.. Calculations

Let:

A = The area of the 2,3,7,8-tetrachlorodibenzo-p-dioxln in
the sample.

B - The attenuation of the chromatograph for the sample.

C = The mlcrograms per millillter of the 2,3,7,8-tetra-
chlorodibenzo-p-dioxln .In the standard.

D = The area of the response from the 2,3,7,3-tetrachloro-
dibenzo-p-dioxin in the standard.

E = The attenuation of the chromatograph for the standard.

Then.

ppm or ?,3,7,8-tetrachlorodiben?,o-p-diox'in = *. x
ff

 x.. -

Accuracy

The accuracy of this method is - 5$. or less, i-eiative.

(a) Glass inlet llr.era have i eer. fcunrJ ".f.- be r.e-je s. '.&;•••
-: -He reprcducl'ole results.
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(b) Sillcone FS-1265 (fluro) has been found to work well as
a stationary phase. It also Is available from Wllklns Instrument
and Research, Inc., Walnut Creek, California.

(c) Any 2,4,5-trichlorophenoxyacetlc acid which has dissolved
in the chloroform extract must be removed as it will Interfere with
the chromatographic analysis of the 2,3,7,8-tetrachlorodibenzo-p-
dioxin.

# * # • » * * # » * * * *

The analytical procedures given herein have been adapted from
literature sources 'or developed upon the basis of experimental
data which are believed to be reliable. In the hands of a
qualified analyst they are expected to yield results of sufficlerr.
accuracy for their intended purposes. However, The Dow Chemical
Company makes no representation or warranty whatsoever concerning
the procedures or results to be obtained and assumes no liability
in connection with their use. Users are cautioned to confirm the
suitability of the methods by appropriate tests. Anyone wishing
to reproduce or publish the material in whole or in part should
request written permission from The Dow Chemical Company.
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FIGURE I

Attenuation 1 x 1

2,3,7»8-Tetrachlorodlbenzo-p-dloxln
114.4 micrograms/ml.
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Attenuation 52 x 10 FIGURE II

•j
3J

Attenuation 1 x 1

2,3,7,8-Tetrachlorodlbeneo-p-dloxln
2.5 ppm
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Dr. JOHNSON. Thank you.
Senator Hart, the 2,4,5-trichlorophenol plant was redesigned to

insure, insofar as possible, the production of a product containing a
minimum of the tetrachlorodibenzo-p-dioxin. By so doing we were
able to control the quality of Dow 2,4,5-T.

By May 1965 we had the technology to establish a manufacturing
specification of no detectable 2,3,7,8-tetrachlorodibenzo-p-dioxin in
2,4,5-trichlorophenol and 2,4,5-T, using an analytical method sensi-
tive to 1 p.m.m. While the plant was being rebuilt, we purchased
2,4,5-trichforophenol and 2,4,5-T on the basis of this specification.

The new plant came on stream in 1966 and since that time Dow
2,4,5-trichlorophenol and 2,4,5-T have met this specification, and
most has contained less than 0.5 p.p.m. of the 2,3,7,8-tetrachlorodi-
benzo-p-dioxin.

I apologize for repeating these long chemical names but the posi-
tion and number of chlorines is important.

Senator HART. The day will come when I can pronounce them,
even if I can't understand them. I can't do either yet.

Dr. JOHNSON. When the difficulty was encountered in 1964 we
notified the Michigan Department of Health, the Institute of Indus-
trial Health, ^University of Michigan, and various other health
oriented individuals in private medicine and industry.

In addition we called a meeting which was held in March 1965 to
notify other manufacturers of 2,4,5-T of the difficulties encountered.
We described to them the nature of the health hazard and shared
our test procedures and analytical standards.

With this background—and firsthand experience—it was only
natural that my associates and I would inquire about the identity
of the sample used for the Bionetics tests. The 2,4,5-trichlorophenol
tested was Dow material and the 2,4,5-T was a Diamond Alkali
sample.

It is important to emphasize that 2,4,5-trichlorophenol was re-
ported to snow no significant increase of anomalies by the Bionetics
Laboratory, but the sample of 2,4,5-T did display a significant in-
crease of anomalies.

This prompted examining our past records of tests run in 1964,
The records of analytical determinations of different supplies showed
that samples of Diamond Alkali 2,4,5-T in fact did contain tetra-
chlorodibenzo-p-dioxin up to levels of 16 ppm. It should be em-
phasized at this point that Diamond Alkali has since stopped manu-
facturing 2,4,5-T.

I presented the essence of the above information to the Mrak Com-
mission November 7, 1969,^and showed pictures of the chloracne
observed in humans and pictures illustrating the rabbit ear test.
Moreover, I stated that the Bionetics test with 2,4,5-T may have been
complicated by an impurity in the 2,4,5-T.

I further emphasized the importance of tests using procedures
recognized among experts as being valid and meaningful; the im-
portance of representative materials which could be better obtained
by consultation with industry; and the importance of knowledge of
composition and purity of the materials tested. These points were
made in the course of writing the final draft or recommendations of
the Mrak Commission.
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In view of our knowledge of the low mammalian toxicity of
2,4,5-T and the absence of reports of increased incidence of birth
defects in cattle or sheep grazing rangelands sprayed with 2,4,5-T,
we found it difficult to believe that any practical hazard existed from
the registered uses of 2,4,5-T.

It became important to gain additional evidence as soon as possible
as to whether (1) the sample of 2,4,5-T tested by Bionetics was con-
taminated with 2,3,7,8-tetrachlorodibenzo-p-dioxin; (2) if so, could
the tetrachlorodibenzo-p-dioxin itself be responsible; and (3) would
2,4,5-T of a specification made by Dow cause similar birth abnormal-
ities.

I asked Dr. Dale Lindsay of FDA if a conference could be ar-
ranged with appropriate individuals in DHEW to discuss protocols
for tests which would be acceptable to their scientists. Dr. Lindsay
asked Dr. McLaughlin of FDA to arrange a meeting which was held
November 25, 1969. Present at this meeting were:

Dr. I. Mitchell and Dr. R. Bates of the National Cancer Institute;
Dr. J. McLaughlin, FDA; Dr. J. E. Johnson; Mr. D. D. McCol-
lister; Dr. V. B. Robinson; and Mr. V. K. Rowe of Dow.

I requested that Dr. Mitchell identify the test procedure by which
we could reexamine 2,4,5-T and the suspected contaminant. Dr.
Mitchell replied that tests with Sprague-Dawley rats would be the
best procedure for reconfirmation and further stated that, for the
purpose, it would be superior to a test with mice.

I offered to underwrite the cost of confirmatory experiments in
the laboratories of the National Institute of Health, in the labora-
tories of a third party (independent of Government or Dow) or
in the Dow laboratories open to observation at any time by person-
nel of the Department of HEW.

Dr. Mitchell stated that he would have confidence in the work if
it were done in Dow laboratories. We agreed to repeat the Bionetics
work with Sprague-Dawley rats using Dow 2,4,5-T of regular pro-
duction grade. If this study yielded positive results the Bionetics
results would be confirmed. If the results were negative it would be
necessary to run further tests on graded levels of the contaminant
and on refined 2,4,5-T. It was agreed that Dow would provide
samples of 2,4,5-T and 2,3,7,8-tetrachlorodibenzo-p-dioxin to the
National Institute of Environmental Health Science laboratories at
Research Triangle, N.C.

Moreover—Robinson and Rowe of Dow would visit the NIEHS
laboratories in order to confer with them concerning the details of
the test methods to be used.

On December 1, 1069. I met with Dr. DuBridge and Dr. Buckley
of the OST to apprise them of the possibility of a contaminant in
the sample tested by Bionetics and also the information known to
Dow. At this meeting the same points were discussed as presented
to the Mrak Commission. The plan for additional testing as dis-
cussed with Drs. McLaiighlin, Bates, and Mitchell of DHEW was
also presented.

Dr. DuBridge stated that he would be interested in further in-
formation as it developed and was willing to consider new evidence
when it was available. I promised to report, the results of our work.
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Information has been supplied primarily through Dr. Burger of the
OST.

On December 11, 1969, Dr. V. B. Robinson and V. K. Howe met
with Drs. Falk, Courtney, and Gaylor at the Research Triangle and
discussed with them the design of teratological study to be conducted
on Dow regular production 2,4,5-T. Agreement on the design of the
experiment was easily achieved and was followed in our studies.

At this meeting Dr. Courtney of the NIEHS Laboratory provided
a two gram sample of the 2,4,5-T used by the Bionetics Laboratory.
This sample was examined at Dow with the following results:

1. Rabbit ear tests showed a positive reaction characteristic of the
contaminant.

2. Analysis by gas liquid chromatography indicated the presence
of 27 plus or minus 8 p.p.m. of 2,3,7,8-tetrachlorodibenzo-p-dioxin.

In late December Dr. Burger of the OST requested a review of the
chemistry of 2,4,5-T production to be presented to Dr. Baldesch-
weiler, a consultant 01 the agency. The information for this report
was organized by Dr. Blair of Dow and presented at a meeting with
the OST on December 29,1969 in Washington.

Dr. Blair is on my right.
By January 12, 1970, we had made enough progress in the terato-

logical study in rats with Dow production grade 2,4,5-T to make a
1 report to Dr. Egeberg, Assistant Secretary for Health and Scientific

Anairs, HEW. Copies were sent to other involved persons in DHEW
and USDA. This report showed that the Dow 2,4,5-T of regular
production grade did not cause birth defects as determined by gross

j examination of fetuses. The dosage levels used were selected in con-
; saltation with Drs. Falk, Courtney, and Gaylor of NIEHS.
i Furthermore, we were able to report to Dr. Egeberg that a pilot

study with pregnant rabbits fed the same 2,4,5-T had not caused
birth defects. Dr. H. L. Richardson, pathologist, FDA, observed the
results of both of these tests.

These preliminary observations were followed by the more time
consuming microscopic examinations of the tissues and detailed
skeletal examinations. This work confirmed the preliminary findings.

The final report of the study was presented before the Society of
Toxicology in Atlanta, Ga., on March 17,1970. I wish to insert 'into
the record at this point an abstract of this report entitled "Terato-
genic Study of 2,4,5-trichlorophenoxyacetic Acid in the Rat" by J.
L Emerson, D. ,F. Thompson, C. G. Gerbig, and V. B. Robinson, The
Dow Chemical Co.

Senator HAKT. That will be received.
(The information follows.)

A, study to determine the embryotoxicity or teratogenicity of 2,4,5-trfcholor-
ophenoxyacetlc acid containing less than one part per million of 2,3,7,8-
tetrachlorodibenzo-i>-dioxin has been completed in Sprague-Dawley derived rats.
Five treatment groups, each consisting of 25 females were administered 1, 3, 6,
12 or 24 uig/kg/day of the compound via gavage in 0.25% METHOCEL® on
days 6 through 15 of gestation. A single group of 50 females received the sus-
pending vehicle and served as controls. The following parameters were ex-
amined: clinical observations, maternal body weights (prebreeding and day
20), number and position of fetuses and resorptions, number of corpora lutea,
pni> weight and sex, gross external, examination of pups,'and macroscopic
examination 'for intestinal hemorrhage in pups. Two-thirds of each litter were
fixed in Benin's solution* and one-third was prepared for alizarin red-S staining
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and skeletal examination. Examination of Wilson sections under the dissection
microscope or of alizarin stained skeletons of all fetuses from the 24 mg/kg/da?
group and an equal number of control fetuses was performed. Representative
stained histologic sections through the head, thorax, and abdomen of 10 control
and 10 high level fetuses were studied for hlstopathologic changes.

No clinical or gross pathologic signs of adverse chemical effect were observed
in treated dams during the period of treatment or gestation. Similarly, litter
size, number of fetal resorptions, birth weights and sex ratio of pups appeared
to be unaffected by chemical treatment. Skeletal and visceral examination of
high level and control fetuses as well as histopathologic examination of certain
fetuses failed to reveal any teratogenlc or cmbryotoxic effects.

The results of this study fall to substantiate the findings reported recently
(unpublished data: Bionetics Research Laboratories, Bethesda, Maryland) of
serious effects in fetuses obtained from dams given comparable daily doses of
2,4,5-T containing approximately 27 parts per million of the contaminant,
2,3,7,8-tetrachlorodibenzo-p-dioxin.

Dr. JOHNSOX. Thank you.
In accordance with the plan discussed with the DHEW in Decem-

ber, as soon as the preliminary results of the 2,4,5-T study on rats
indicated no fetal anomalies, we proceeded to conduct a teratology
study in rats with 2,3,7,8-tetrachlorodibenzo-p-dioxin.^Dosages were
used which bracketed the levels of the contaminant which were given
inadvertently to the rats in the Bionetics study. The results of this
experiment indicated that a high of maternal and fetal toxicity was
associated with 2,3,7,8-tetrachlorodibenzo-p-dioxin. Dr. H. L. Rich-
ardson of FDA and Dr. C. T. G. King, National Institute of Dental
Research, NTH, participated in the observations made on.these
animals at necropsy at the Dow Laboratories in Midland.

We concluded that the presence of the tetrachlorodibenzo-p-
dioxin in the sample tested in the Bionetics Laboratories could have
accounted for the observations reported and attributed 2,4,5-T. At
this point I wish to insert into the record an abstract of the report
as presented to the Society of Toxicology, March 17, 1970, Atlanta,
Ga., entitled "Teratogenic Study of 2,3,7,8-Tetrachlorodibenzo-p-
dioxin in the Rat"* by G. L. Sparschu, F. L. Dunn, and V. K. Rowe,
The Dow Chemical Co.

Senator HART. That will be inserted.

Dr. JOHNSOX. Thank you.
The detailed results of these tests were also presented by Dow

personnel to the scientists of FDA, NIH, NIEHS, in Washington
on February 24,1970.

In addition to our investigations with laboratory animals, we have
also utilized the medical records of Dow employees accumulated
throughout their Dow careers.

Our physicians have made an in-depth evaluation of the health of
male employees who have been exposed to 2,4,5-T in manufacturing
operations for from 6 months to approximately 20 years. From the
medical data available, over 50 clinical parameters were selected for
statistical evaluation. The control population for this evaluation con-
sisted of 4,600 other individuals for whom similar data were avail-
able.

After careful study of this information, it was the conclusion of
our medical staff that there was no evidence that exposure to 2,4,5-T
had resulted in adverse .effects.

1 See p. 4JO.
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It is our belief that the adverse effects reported by the Bionetics
Laboratories were the result of a contaminant—2,3,7,8-tetrachloro-
dibenzo-p-dipxin—and were not caused by 2,4,5-T.

Moreover it is our belief that 2,4,5,-T produced under specifications
requiring less than 1 part per million of 2,3,7,8-tetrachforodibenzo-
p-dioxin present no practical hazard when used in accordance with
good agricultural practices.

Now, from here on it is historical.
If I may I would like to add some recent information and this

like the information presented this morning, was only obtained this
past weekend, as a matter of fact.

The Midland Labs extended the work by Dr. Robinson using the
Dow 2,4,5-T on rats. This is the production grade of Dow 2,4,5-T.
The dosage of 50 milligrams per kilogram, higher than that recom-
mended in the consultation at NIEHS, was administered. At this
dose we found one fetus in 203 viable fetuses with intestinal hemor-
rhage. At the 100 milligram per kilogram dose level; there was 75
percent mortality of the dams and high fetal mortality.

At this point I should point up that these levels of 2,4,5-T put
extreme stress on the physiology of the test animal.

The next experiment involved drinking water supplied to rats.
This drinking water was saturated with 2,3,7,8-tetracnlorodibenzo-
p-dioxin and in this case no effect was detected in 21 litters of 259
pups.

In a third experiment we studied combinations of pure 2,4,5-T
with 2,3,7,8-tetrachlorodibenzo-p-dioxin. In this experiment 2,4,5-T
was fed at 50 milligrams per kilogram and maintained at a base
level throughout all tests to which graded or incremental dosage of
additional 2,3,7,8-tetrachlorodibenzo-p-dioxin were added. Bear in
that this base amount of 2,4,5-T was administered orally in a single
dose each day.

I will read the list of results. When 50 milligrams per kilogram
of pure 2,4,5-T were administered with zero added 2,3,7,8-tetrachloro-
dibenzo-p-dioxin, no adverse effects were observed in rats.

When one-hundredth of a micrpgram per kilogram of the tetra-
chlorodibenzo-p-dioxin was combined with the 50 milligrams of
2,4,5-T, again no effect was observed. When three-hundredths of a
microgram per kilogram per day of the tetrachlorodibenzo-p-dioxin
was combined, again no effect was observed. When six-hundredths of
a microgram per kilogram of the tetrachlorodibenzo-p-dioxin was
combined with the 2,4,5-T, we observed 8 percent of gastrointestinal
hemorrhages and one cleft palate in 155 fetuses. When 0.125 micro-
grams of the tetrachlorodibenzo-p-dioxin was combined we had an
increase in the resorptions and some gastrointestinal hemorrhage.
We also saw subcutaneous edema in three of the 134 fetuses.

When five-tenths and 1.0 micrograms of the tetrachlorodibenzo-p-
dioxin were combined with the base level of 2,4,5-T, we observed an
increased incidence in the fetal mortality, in resorptions, in gastro-
intestinal hemorrhages, and in subcutaneous edema, cleft palates
were observed in four out of 14 and five out of 15 litters respectively.

Again I should stress the base level of 2,4,5-T was extremely higL,
approaching the toxic dose; moreover the base level of dioxin was
extremely high.
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Is there any further comment to be added on that, Mr. Rowe?
Mr. ROWE. I think you covered it very well.
Dr. JOHNSON. These data were only available yesterday. The

microscopic study of soft tissues and skeletal study have not been
done. These animals were stressed to the limit of their tolerance of
2,4,5-T and, in addition, to a toxic stress of the tetrachlorodibenzo-p-
dioxin.

I personally feel it is important to consider the dosage related
to the response with these materials and later I will get into a more
definitive discussion of that, if you desire.

Based on the proposed finite tolerance of 2,4,5-T in food but less
than the 1 part per million of tetrachlorodibenzo-p-dioxin in the
2,4,5-T the safety factor for humans as derived from animal studies
in several thousandfold. This is well in excess of the safety factors
judged adequate by toxicplogists in some branches of government
ana many others in the scientific community.

I would like to make a few comments, because the word dioxin has
become almost a cause celebre, in order that we get some conception
of the amounts involved. If this rather simple illustration is okay, I
guess it really isn't very simple but I will try it, if it is all right.

Now, this is assuming what is not going to happen. It is assumed
that all food ingested by man contained 0.2 part per million of
2,4,5-T. This is not going to happen but I am just making that
assumption for purposes of illustration.

The total, 2,4,5-T ingested per day in the food of a person would
be three-tenths of a milligram, that is equal to 300 micrograms, a
very small amount. If the 2,4,5-T contained 1 part per million of the
tetrachlorodibenzo-p-dioxin, the daily food would contain one one-
millionth of this 300 micrograms or

Senator HART. Doctor, back up.
If the two parts per million
Dr. JOHNSON. Two-tenths.
Senator HART. Had how much dioxin?
Dr. JOHNSON. One part per million.
May I proceed?
Senator HART. Yes.
Dr. JOHNSON. If the two-tenths parts per million of 2,4,5-T in

the food of a person contained one part per million of tetrachloro-
dibenzo-p-dioxin, the food would contain one-millionth of the 300
micrograms or 300 picograms.

A picogram is one-tnllionth of a gram and a gram is one-twenty-
eighths of an ounce.

If a person ingested this amount of dioxin each day for 100 years,
which is an optimistic period, the total amount ingested would be
only 11 micrograms. A grain of sugar weighs about 120 micrograms.
So this 11 micrograms of tetrachlorodibenzo-p-dioxin would be no
more than one-tenth of a granule of sugar and that level affords
a 6,000-fold safety factor over the amounts, as we observed, to cause
no embryotoxic effects in rats.

I realize that this has nothing but illustrative value, but it is not
very much the tetrachjorodibenzo-p-dioxin we are talking about.
That is my main point; Senator.

Senator HAHT. All right, some who are better equipped than I
to handle the technical aspects may pursue it with you. I just con-
fess that I will have to inhale it if not ingest it.
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Dr. JOHNSON. The simplest way to think of it is one-tenth of the
weight of a grain of sugar over a lifetime. Senator Hart, I am not
sure how you would like to proceed. I have some other remarks _ to
make which get to this question, perhaps in shortening the time in-
terval. Would you prefer for me to answer questions now or at a
later time?

Senator HART. I have a few questions. Suppose we ask a few
questions here and if they do not raise items that you intended to
discuss, we would welcome the additional reaction.

One very quick one has to do with the test thatjou report having
made on ilO male employees. I am sorry, 130 with no evidence of
adverse effect.

Has there been any evaluation made of the effect on female em-
ployees or were any exposed ?

Dr. JOHNSON. None were exposed, Mr. Chairman.
Senator HART. Was that on purpose consciously ?
Dr. JOHNSON. No, the manufacturing plant is not a desirable

place for most women to put in their time.
Senator HART. I am not sure you speak for all women. That is

another subject entirely.
Dr. JOHNSON. This has unraveled far enough.
Senator HART. I am sorry, I didn't realize there was a vote signal

and we must recess to permit me to get to it. So I will be back
shortly.

(Recess.)
Senator HART. Doctor, let us ask these few questions and then if

they do not raise all of the items that you would like to make ad-
ditional comment on, we would welcome your making a comment.

When did you first have reason to believe that a dioxin con-
taminant in 2,4,5-T could cause chloracne?

Dr. JOHNSON. Just a moment, sir, and I will get the exact date.
Senator HART. Yes.
Dr. JOHNSON. Senator Hart, in regard to the 2,4,5-T, .it was 1964

when we first developed an awareness of this possible buildup of the
dioxin potential in the product—in October.

Senator HART. There was no, as far as you were aware, earlier
study here or in Europe that identified tetradioxin as causing
chloracne?

Dr. JOHNSON. Not in 2,4,5-T.
Senator HART. Tetradioxin in some formula had been found to

cause chloracne?
Dr. JOHNSON. Yes. In 1950 the Germans ran into difficulty with

chloracne and they isolated the dioxin. This was in the process of
manufacture of 2,4,5-trichlorophenol. We were aware of it.

Senator HART. When did you begin the manufacture of 2,4,5-T?
Dr. JOHNSON. We began the manufacture of 2,4,5-T in 1948. I

should point out in addition, however, that we were monitoring our
workers for chloracne since 1941. This was also when the rabbit ear
test was developed by Dow.

Senator HART. If the German study indicated the tetradioxin as
a chloracne cause in 1950, would that have suggested to you any test
run on the potential presence or dangers of this contaminant in the
2,4,5-T that you were introducing?

Dr. JOHNSON. "Yes, and we monitored products made with 2,4,5-
trichlorophenol knowing that the dioxin resided in the intermediate.- . * » • * , - . •.. -
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Senator HART. Did those tests include any tests to determine the
carcinogenicity of dioxin in the formula that you were producing?

Dr. JOHNSON. No, sir, they did not.
Senator HART. Then in June of 1964 you were concerned about

the chloracne, and in your testimony you say I think that you noti-
fied a number of people. You notified the Department of Health
of Michigan and the Industrial Health Institute in Ann Arbor and
various other health oriented individuals in private medicine and
industry, and you had the meeting in March of 1965 notifying other
manufacturers. Why not the FDA and the U.S. Department of
Agriculture?

Dr. JOHNSON. At that time, Senator Hart, we considered our
obligation discharged by removing the dioxin from our product, by
notifying health authorities in the State and we thought we had
the problem solved.

In retrospect it would have been much preferred had we notified
the U.S. Department of Agriculture, the agency that has statutory
authority for the registration.

Senator HART. I would agree. It would seem to me, and as I say,
it is easier second guessing, that it would have been more appro-
priate and foremost to notify the agency that registers the product
But what about the 2,4,5-T that you learned in June of 1964 had
this contaminant? Is it a practice to make an effort to remove the
contaminated product from the shelves ? What about the product in
the houses and retail channels? What retrieval effort is made? What
call back?

Dr. JOHNSON. Senator Hart, according to the procedures we were
using at the time we did not produce or sell contaminated 2,4,5-T
within the limits of sensitivity we had available for measure.

Senator HART. What was it you were notifying people about in
1964?

Dr. JOHNSON. This was the chloracne problem.
May I add a comment?
Senator HART. Yes.
Dr. JOHNSON. As indicated in the formal testimony, the manu-

facture of 2,4,5-T, when pushed by temperature or heat, will produce
this contaminant; it builds up as a caustic insoluble oil. This prob-
lem produced the chloracne which initiated the actions we took.

Senator HART. What percentage of dioxin was in the 2,4,5-T that
you produced prior to the correction made at this time?

Dr. JOHNSON. It was—now you are asking about the 2,4,5-T?
Senator HART. I beg your pardon ?
Dr. .JOHNSON. You are asking about the 2,4,5-T. At the time there

was an undetectable amount using the rabbit ear test as an indicator.
It might be important to point out that chromatographic proce-

dures for analysis were developed during the late 1950's and early
1960's and applied with increasing sensitivity. This is a changing
background of analytical capability. At the time we were using the
rabbit ear test and we did not know that dioxin was present, it any.

Senator HART. As of now, do you believe that the earlier 2,4,5-T
that you were producing was safe or unsafe ?

Dr. JOHNSON. Safe, because we were monitoring the intermediate
2,4,5-T-chlorophenol and similar products since 1941.

Senator HART. But you really do not know how much dioxin was
in it. How can you say that ?
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Dr. JOHNSON. It was, according to our ability to determine dioxin,
at that time, we thought zero.

Senator HART. But you know better now, don't you ?
Dr. JOHNSON. We know better now because we have more sensitive

methods.
Senator HART. How can yfiu jay it was safe earlier when we know

now it was not? "~'l':>-'̂ '̂ «a§S|; r _ , .
Dr. JOHNSON. In our firm, Mr. Chairman, the matter of safety is

considered to be related to the dosage. The product as we sold it and
monitored it; and, as it was used, according to the label, we are
convinced it was safe. There was not sufficient exposure to the
tetrachlorodibenzo-p-dioxin, even "if it had been there in the amounts
known today, one part per million or a half part per million. We
are convinced it was safe.

Senator HART. Did you feel any requirement at any time to engage
others in making the judgment which you just made about the earlier
formula?

Dr. JOHNSON. The answer is no.
Senator HART. Now, do you agree with the position that has been

taken, as announced this morning by the three Secretaries?
Dr. JOHNSON. In a matter of practical hazard, an an imminent

hazard to health, I do not agree. Under the climate of pressure today,
it was a wise decision.

Senator HART. That sounds like you are planning to run for
reelection, but you do not want to announce it.

I am reminded that the action taken today was to cancel, not to
suspend the nonliquid 2,4,5-T and that means, as I understood the
Surgeon General's testimony this morning, the Secretaries do not
regard that form of 2,4,5-T as imminently hazardous to health.

Do you want to rephrase ^rour answer so as to respond specifically
to the finding on the nonliqmd ?

Dr. JOHNSON. The nonliquid form I consider to be safe under
labeling registrations.

Senator HART. I think the Food and Drug Committee finds it has
potential hazard to health and therefore cancels rather than suspends
it. Do you agree with that?

Dr. JOHNSON. I dp not agree that cancellation is necessary.
Senator HART. Is it your intention to appeal the action?
Dr. JOHNSON. This must be considered. I cannot answer at this

time. We have few, if any, products of our own that are nonliquid
formulations of 2,4,5-T.

Mr. BICKWIT. Do you have any evidence on the degradeability of
2,4,5-T?

Dr. JOHNSON. Yes. Just one moment, please. The evidence is pres-
ent in the literature published by the land grant colleges and the U.S.
Department of Agriculture, predominantly. A publication by Dr.
P. C. Kearney, E. A. Woolson, J. R. Plimmer, and A. R. Isensee,
reviews the subject of degradation in a chapter entitled "Decontami-
nation of Pesticides in Soils."

Page 139 indicates the persistence of 2,4,5-T to last 5 months.
There are additional references and review articles that, if you like,
I could submit for the record. It would take quite a bit of time
to read these, but I could do so, Mr. Chairman, if you like.

Senator HART. They will be received.
mafoi«inl •frtll^w.M \
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SPRINGER-VERLAG, NEW YORK

Decontamination of pesticides in soils

By

P. C. KEARNEY,* E. A. WOOLSON,* J. R. PLIMMER,* and A. R. ISENSEE*

I. Introduction

The soil, as a medium for decontamination, offers a large number
of processes by which organic substances can be destroyed. As such,
progressive accumulation of organic pesticides would appear to be
unlikely. Unfortunately, the chemical and physical properties of certain
insecticides and herbicides afford them a degree of stability against the
natural destructive processes in soils. The stability of these compounds
is best illustrated in a recent summary of persistence data on 12 major
classes of pesticides in a number of soil types (Fig. 1) (KEARNEY et al.
1969). Persistence values are expressed in months and each bar repre-
sents one or more classes of herbicide or insecticide. Each open space
in the bar represents an individual pesticide falling within the larger
chemical class of compounds. The length of each bar depicts the time
for each class of pesticide to decrease 75 to 100 percent of the
amount applied. Those values are based on normal rates of application.
As anticipated, the organochlorine insecticides are the most persistent
pesticides. The organic herbicides persist for a few days or for more
than 12 months depending on their respective properties. Only the

* U.S. Department of Agriculture, ARS, CR, Beltsvillc, Md. Specific mention of
trademark instruments does not constitute an endorsement by the U.S. Department
of Agriculture over others designed to give similar performances.
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Fig. !• Persistence of pesticides in soils

major herbicides that persist for a month or longer are shown in Figure
1. The phosphate insecticides do not persist for long periods in most
soils. A more detailed picture of organochlorine pesticide persistence
is shown in Figure 2. Chlordane and DDT usually persist for several
years while heptachlor and aldrin extend their activity through the
formation of their respective metabolites, i.e., heptachlor epoxide and
dieldrin.

Why are we concerned about pesticide residues in soils? Their
effects would appear to be very subtle and not directly related to man
or his environment. The need for pure water is obvious, for man
directly consumes processed water. Not so with soil, and therefore, why
is there concern over soil contamination?

There now exists unequivocal evidence that most plants can absorb
and translocate residual pesticides from contaminated soils (NASH
1968). Uptake and translocation have been demonstrated with radio-
labeled pesticides incorporated directly into the soil and then seeded
with several agronomic crops. Many of the soil variables that influence
this uptake process have been studied. For example, increasing ihe con-
centration of dieldrin and DDT in soil causes a corresponding increase
in the amount of insecticide recovered by the wheat plant. The plant
is apparently indiscriminate in its ability to absorb most substances
from soils. Therefore a link exists between residual pesticides in soils
and man's food chain. In addition, residual pesticides are potential
pollutants of water and air.
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Fig. 2. Persistence ofindividual pesticides in soils

Now that we have defined the problem and the need foe
lamination in soils, what methods ave available for removing p
pesticides? The fate of a pesticide in soils- is determined by a
of processes which come under the general heading of
biological, and chemical (Fig. 3). Under physical, they inclinclude
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Leaching

jfe 1 Processes that determine fate of a pesticide in soil

Composition, volatility, leaching, and adsorption. Under biological
I* include root uptake and microbial metabolism and under chem'
& they include oxidation, reduction, and hydrolysis. Several of these
„ responsible for decomposing pesticides. For example, soil cnrich-
•Brt techniques for toe proliferation of specific microorganisms effec-
«* in metabolizing foreign substances have been a favorite method
Ir ricrobiolegists.. It is conceivable that "catch plants" or plants with
,|fch affinity for certain pesticides could be grown on contaminated

l^ rud then removed after taking up some part of the residual
! jptioclcs. It is possible that a combination or several of these methods

tU be employed to reduce pesticide concentrations in soils
tf each of these processes were active on a pesticide, then soil
=*•« woud not exist. If soil microorganisms could be induced to
, metabolize DDT to the level of carbon dioxide, then soils

I be an ideal medium for decontamination. They don't and
- lies the problem of reducing soil residues. The work to be

today deals with two approaches to reducing pesticide resi-
i The first concerns the use of light to decompose transported

jjfcjJrt in water and hence its application to irrigation waters and
„& The second concerns the decontamination of field soils containing
jpT by flooding and inoculation with microorganisms.

II. Pesticide decontamination in water

A major source of environmental contamination is caused bv the
nt of matcnals from their site of application. Pesticides move
r m the liquid or vapor phase. Pollution of water by organic
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compounds is undesirable, contamination by biologically active com-
pounds is potentially dangerous. Two particular situations in which
pesticides in water cause concern relate to the waste problem en-
countered in stalic or lagoon operations and to irrigation systems. The
danger of the latter situation is best illustrated with the water-soluble,
mobile herbicide picloram (4-amino-3,5,6-trichloropicolinic acid). Min-
ute amounts of this potent herbicide irrigated on sensitive crops conlj
have disastrous results. Concentrations as little as 10 p.p.b. in soils
have a lethal effect on such sensitive crops as soybeans.

What methods are available for removing pesticides in water? The
use of energetic radiation (ultraviolet or gamma ray) has been sug-
gested (MARCUS ct al. 1962) for fragmentation or destruction of organ-
ics in water. This method should be effective on a large number of
pesticides especially in dilute aqueous solutions. Unfortunately, the
technology has developed little beyond the experimental stage. Large
scale ultraviolet and gamma irradiation techniques are in early techno-
logical stages and wider industrial application is the needed stimulus
for further development.

We have determined the periods of exposure required to destroy
the biological activity of a number of herbicide solutions in a small-
scale ultraviolet irradiator. The method may be applicable as a pre-
treatment for waste waters or as a treatment for contaminated
irrigation systems.

The reaction system is a borosilicate glass vessel and holds 250 ml,
of the solution to be irradiated (Fig. 4). A quartz, water-cooled,
double-walled tube is fitted into this well and is immersed in the
solution. A 450 watt ITanovia lamp is suspended in the well. The
quartz well transmits a large part of the available energy down to the
shortest wavelengths emitted by the lamp.

Solutions of herbicides in water were irradiated (250 ml. at a time)
for periods of 5, 10, and 15 minutes. Picloram, 2,4,5-T, bromacil,
diphenamid, and 2,3,6-TBA were the herbicides used in the initial'
experiments. These compounds were chosen because their solubility
and persistence are sufficiently high for them to be potential con-
taminants in irrigation water. Oats were used to bioassay picloram,
2,4,5-T, and diphenamid and cucumber was used for bromacil and
2,3,6-TBA. The treatments consisted of zero, 5, 10, or 15 minute ir-
radiations of the solutions at 1, 5, or 10 p.p.m. concentrations and a
control in which no herbicide was added. The time required to destroy
the five herbicides is shown in Figure 5 (PLIMMER 1968).

A five-minute irradiation greatly reduced the phytotoxicity of
picloram and 2,4.5-T at five and 10 p.p.m. and bromacil at one p.p.m,
Diphenamid and 2,3,6-TBA required a 10-mim:te exposure. These
initial results indicate that five minutes or less exposure to ultraviolet
irradiation of solutions in the range of one p.pm. would significantly
lower their phytotoxicity to plants. More pesticides, under conditions
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approaching large volumes of water on flow systems need to be
investigated before wide application to pesticide decontamination U
attempted.

III. DDT decontamination

Turning our attention to field soils, one of the most serious residue
problems occurs with orgnnochlorine insecticides. As previously men-
tioned, DDT persists for several years in most agricultural soils. Com-
plete removal of these residues may be impossible. However, lowering
existing residues below some arbitrary threshold level may result in
minimal plant residues. Our objective, then, was to find some agent in
nature that could attack the DDT molecule. This agent did not neces-
sarily have to cause complete destruction of DDT, but perhaps alter i*
to a more biodegradable or labile form. Obviously, organisms indigen-
ous to most soils do not possess this agent. Intestinal microorganisms
in the rat, however, are able to alter DDT extensively.

Whole cells or cell-free extracts of Aerobacter aerogenes catalyze
the degradation of DDT in vitro to at least seven metabolites (WE'DE-
MEYER I960), previously reported from rats given DDT orally (PRTER-
SON and ROBISON 1964). These reactions proceed by dechlorination.
elimination, oxidation, and finally dccarboxylation to yield dichloro-
benzophenone. Therefore, it occurred to us soils inoculated with A.
aerogenes may be capable of metabolizing residual DDT.

To test this hypothesis, three soil types were amended with zero, 5,
10, and 20 p.p.m. of DDT. The soils were Lakeland sandy loam.
Hagerstown silty clay loam, and Sharkey clay. Four-hundred g. of
soil were weighed into pots and DDT was applied in chloroform
solution. Since metabolism of DDT by A. aerogenes appears to occur
most rapidly in still cultures or under partially anaerobic conditions,
two-thirds of the soils were flooded to simulate partial anaerobiosis.
The water covered the soils to a depth of approximately one inch.
One-third of the DDT-treated soils was maintained at field capacity,
one-third was flooded, and one-third was flooded and inoculated with'
A. aerogencs.

Cells of A. aerogenes from slants obtained from the American Type
Culture (ATC 13048) were mass cultured in three percent trypticasc
soy broth at 36° C. for eight hours. The cells were harvested by high-
speed centrifugation, washed, and resuspended in the original volume
of fresh broth solution. The cells were incubated for three days in still
cultures, harvested again, washed, and concentrated 10-fold in a one
percent yeast-extract solution. Aliquots (10 ml.) were added to the
flooded soils and mixed into the surface layers. AH soils were sampled
at weekly intervals. Residual DDT and products were measured by
electron-capture gas chromatography. Moist soil samples were ex-
tracted with a 3:1 mixture of hcxane:isopropanol and injected on to a
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column of five percent SE 30 on 100/120 mesh DMCS-trcatcd Chromo-
sorb W. Column temperature was 210° C. with a flow rate of 120
mL/minute. Detector temperature was 215° C.

A total of 18 different parameters could be examined consider-
ing there arc possible three soils, three concentrations, and two treat-
ments with A. acrogencs. Of primary interest is the effect of flood-
ing with and without inoculation. Therefore, let us examine the
disappearance of only DDT at the highest rates of application in the
three soil types (Fig. 6). Two general trends are apparent. First DDT

Flooded - A. aerogenes Flooded

20 r-

-10

Lokelond

2
Weeks

Fig. 6. DDT decomposition in three soils (see text)

Flooded - A. oerogenes-

2
Weeks

Flooded

Lakeland

8,-

Fig. 7. DDT decomposition in three soils (sec text)

disappeared more rapidly in the inoculated soils. Second, complete
loss occurred in the Sharkcy clay, while lesser amounts were lost from
Lakeland and Hagerstown in both flooded series. DDD (TDE) was
observed to occur in most soils, but its appearance did not parallel
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losses in DDT. In other words, there was a net loss of DDT-DDD in
this system and no other products were detected by gas chromato-
graphy. Somewhat the same picture is encountered at five p.p.ni. of
DDT (Fig. 7), with complete loss in the Sharkcy clay, more acceler-
ated disappearance in the inoculated soils, and a general trend for
total loss of DDT-DDD with time. Recovery values for DDT during
the early sampling periods on Lakeland were high and explain the
values obtained above five p.p.m. in the flooded soils.

Additional studies were initiated to determine the fate of the DDT
in these systems. The experiment using Lakeland soil at five p.p.m.
plus DDT-14C was set up in a closed glass system for trapping "COj.
Nitrogen was bubbled through the system and any gaseous carbon
dioxide was trapped in base. Samples of the carbon dioxide trapping
solution were removed periodically and analyzed for radioactivity
Less than one percent of the total added activity was released in
volatile components. This would be in general agreement with results
previously reported (GuENZi and BEARD 1967).

Therefore, several other alternatives are available to explain the
disappearance of the DDT from these soils. A polar metabolite could
be present in the aqueous phase and not removed by the hexane:iso-
propanol extraction, or a metabolite is absorbed on some soil com-
ponent and not recovered. It is also possible that a volatile metabolite
is formed which escapes from the system with time. The presence of
a polar metabolite can apparently be ruled out, since only 7 to 2S
percent of the added DDT-"C could be detected in the aqueous
phase. Subsequent research with 14C-DDT in a similar type of experi-
ment indicated that up to 20 percent of the "C could not be extracted
from flooded soils after a four-week incubation period. The radio-
activity is apparently tightly bound to soil particles in some form not
recoverable with hot- hcxane: acetone, ethyl acetate, or ethanol
(KEARNEY and WOOLSON 1969). Therefore, we must conclude the loss is
real and reproducible, although the mechanism is not fully understood.

IV. Conclusions

Radiation as a method for preventing the spread of pesticides in
water systems deserves further consideration. Ultraviolet radiation for
sterilization processes' is in commercial use. High energy radiation has
similar applications and its use in food processing has been studied.
Ultraviolet radiation has been used for the complete removal of or-
ganic materials from sea water samples on a laboratory scale (ARM-
STRONG et al. 1966). A pebble-bed type of reactor has been described,
but not further developed, which appears suitable for continuous
ultraviolet irradiation of solutions. A radioactive material is incorpo-
rated into impervious ceramic "pebbles" together with a suitable
phosphor which emits ultraviolet radiation. A flow system is envisaged
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with the pesticide in dilute solution flowing over the cc-ramic pebbles.
In addition to thermal methods of destruction, we-suggest that radia-
tion methods be further explored as a simple means of removing pesti-
cides in situations where applicable.

Removal of pesticides from soils is a far more complex process,
since the system is static and not conducive to flow-through operations.
Several methods have been suggested for reducing residues. The use
of calcium polyphosphate on the residual chloro-s-triazines has not
been successful under field conditions (HAnnis et al. 1968). The use
of absorbents (charcoal) for removing toxic materials in replanting
certain nursery stock has been successful; extention of this technique
to field conditions for atra7.ine and organoehlorine residues has been
attempted (LICHTENSTEIN et al 1968). In these situations, however,
the cure may be worse than the sickness, since a new and far less
understood variable is now being introduced into the soil. Such may
be the case with microbial decontamination of DDT by A. aerogenes.
Many experimental variables would have to be studied before large-
scale field studies would be justified.

In the final analysis any decontamination method would have to be
economically feasible before it would be acceptable to the fanner. The
most promising and yet still unexplored method for reducing soil
pesticide residues lies at the molecular level. A thorough understand-
ing of the electronic and steric factors that render a pesticide molecule
susceptible to the natural biological degradation pathways is still in
early developmental stages. This approach would appear to offer the
most challenging chemical method for reducing residues on a con-
tinuing basis.

Table I. Common and chemical names of pesticides mentioned in text
Dromacil 5-bromo-3-see-butyl-G-methyluracil
DDD l,l-dicMoro-2,2-bis( p-chlorophenyl )ethane
DDT 1,1,1 -trichloro-2,2-bi s ( p-chloropheny 1) ethane
Diphcnamid N,N-dimelliyl-2,2-diphen>'lacetamide
Ficloram 4-amino-3,5,G-tricWoropicolinic ncfd
2,4,5-T 2.4.5-tricl)loropIieno.vyacetic add
2,3,6-TBA 2,3,G-tric1ilorobenzoic acid

Summary

A limited number of methods are available for decontaminating
soils and. water. Complete destruction of organic herbicides in water
may be effected by exposure to intensive high-energy radiation. Meas-
urement of the rates of photodecomposition of picloram, diphenamid,
bromacil, 2,3,6-TBA and 2,4,5-T by bioassay techniques is in progress.
Experiments with model continuous flow cells indicate rapid de-
struction of organic dyes. No picloram could be detected in a solution
of initial concentration of 1 p.p.m. after 30 minutes or less exposure
to high intensity UV irradiation-AVhcre complete removal is not feasi-
ble, reduction of-existing residues below a level in soils wh»r/» *v«
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significance of plant uptake becomes minimal may be desirable.
Biological alteration of a persistent pesticide to a more dcgradabk
form is another method of reducing residues. DDT residues in three
soils (Sharkey clay, Hagerstown silty clay loam, and Lakeland sandy
loam at rates of 5, 10, and 20 p.p.m.) were reduced in flooded soil's
and flooded, enriched soils inoculated with Aerobacter acrogencs.
Losses were most rapid in the inoculated Sharkey and Hagcrstown
soils receiving die lowest rate of DDT application during the first
week. Parallel experiments conducted with ring labeled DDT-14C
showed no 14CO2 evolved from the inoculated soils. Conventional

' chromatographic and radiomctric techniques indicated a conversion of
DDT to ODD and a reduction of the total DDT-DDD residue in soilj
with time.

Re*sum6 *

Decontamination de pesticides dans les sols

On dispose d'un nombre limite1 de methodcs decontamination des
sols et des eaux. On pent effectuer unc destruction des herbicides
organiques dans 1'eau par exposition a des radiations intenses de haute
dnergie. La mcsure des taux do photodecomposition du piclorame, du
diphenamide, du bromacile, du 2,3,6-TBA et du 2,4,5-T par bio-essais
est en progres.

Des experiences a 1'aide de cellules a courant continu indiqucnt
une destruction rapide des colorants organiques. Aucunc trace de
piclorame n'a pu etre d6celee dans une solution qui en contcnnit
initialement 1 p.p.m., apres 30 minutes ou moins d'exposition \ une
irradiation UV de haute intensite. Dans les cas ou une elimination
complete n'est pas possible, une reduction des r&idus presents en
dessous d'une certaine limite peut etre souhaitable pour les sols ou
rimportance de 1'absorption par les plantes devient minime. La trans-
formation biologique d'un pesticide persistant en une forme plus
aise'ment decomposable est une autre me'thode de reduction des
residiis. Des residus de DDT dans trois sols (argile de Sharkey, limon
argileux alluvionnaire de Hagerstown et limon sableux de Lakeland
aux concentrations de 5, 10 et 15 p.p.m.) ont etc r6duits dans des sols
blonde's et des sols inondes cnrichis, inocule's avec Aerobacter aero-
genes. Les pcrtcs ont ete plus rapides dans les sols de Sharkey inocul6s
et les sols de Hagerstown ayant re$u la plus faible concentration en
DDT durant la premiere semaine. Des experiences parallels avec du
DDT marque "C n'ont revele aucun engagement de "CO2 des sols
inocule's. Les techniques chromatographiques et radiome'triques con-
ventionnellcs ont indique une conversion du DDT en DDD ct une
reduction des r6sidus totaux dc DDT-DDD dans les sols en fonction
du temps.

• Traduit par S. DORMAL-VAN DEN DnuEL,
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Zusammcnfassung *

Dekontamination von Pcstizidcn ini Boclcn

Eine begrenzte Zahl an Methoden steht zur Verfiigung, urn Boden
und Wasser zu reinigen. Vollstiindige Zerstorung von organischcn
Herbiziden in Wasser kann durch Belichtung mil intensiver Strahlung
von hoher Energie bewirkt wcrden. Messungen dor Photoabbauratcn
von Picloram, Diphenamid, Bromacil, 2,3,6-TBA und 2,4,5-T durch
Biotesttechniken sind im Fortsclirciten begriffen. Expcrimente mit
Modelldurchflusszellcn zeigen schnclle Zerstorung von organischen
Farben. In einer Losung mit einer Anfangskonzentration von cin p.p.m.
konntc nach 30 Minutcn oder weniger Bclichhing mit hoch intensiver
uliravioleltcr Strahlung kcin Picloram mehr nachgewiesen warden. Da,
wo vollstiim'ige Entfernung nicht moglich ist, wird die Reduzierung
von vorhandcnen Riickstanden in Boden untcr eine Mcngc, wo die
Bedeutung fiir die Pflanzenaufnahme minimal wird, wunschenswert.
Biologische Veranderung eines persistenten Pcstizids zu einer ab-
baiifanigcrcn Form ist eine andcre Methode, urn Riickstande zu
reduzieren. DDT Riickstande in Boden (Sharkey Ton, Hagerstown
sandiger Ton-Lehm und Lakeland sandigcr Lclim mit Ratcn von 5, 10
und 20 p.p.m.) wurden in iiberfluteten Boden rcduziert und weg-
geschwemmt und angercicherte Boden mit Aerobactcr aerogencs.
geimpft. Die Verlustc warcn am sehncllsten in den Sharkey und
Hrgerstown Boden, wclclie wahrcnd der ersten Woche die niedrigsle
Rate von DDT Behandlung erhallen hat ten. Parallele Untersuchungen,
wclche mit "C-ring-markicrtcm DDT durchgefiihrt wurden, zcigten
kcine "COjj Entwicklung in den beimpftcn Boden. Konventionelle
chromatographischc und radiomctrische Techniken detiteten die Um-
wandlung von DDT zu DDD an und eine Reduktion des Gesamt-
DDT-DDD-Riickstandes in Boden mit der Zeit
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Mr. BICKWIT. Do you have any evidence on the degradeability of
dioxin?

Dr. JOHNSON. In terms of photodegradation, we have some evidence
—this is not exhaustive—but nevertheless some evidence that would
indicate a half life of—excuse me, I will get that in just a moment.

This is the type of experiment run in a laboratory in a solvent.
The half life was 2i/£ hours under a typical type of sun lamp. This
is only an indicator-type of test. The prognosis is in the presence
of light, dioxin will degrade. Degradation in soil we do not have
information on. We are diligently, however, preparing carefully
labeled—radiochemically labeled—2,3,7,8-tetrachlordibenzo-p-dioxin,
and supplying this to the U.S. Department of Agriculture for tests
»s quickly as possible, because this is the fastest way to get the
answer.

Mr. BICKWIT. Do the light conditions you are using exist in
nature?

Dr. JOHNSON. Primarily in ranges and pastures, yes. Because
•2,4,5-T is intercepted on the upper surfaces of weeds and brush more
deposits in exposed than in shaded conditions. The predominance
would be exposed to light conditions. Obviously some is going into
the shade. Under those conditions of lesser light intensities, I can't
reply.

Mr. BICKWIT. Is it ultraviolet light you are using?
Dr. JOHNSON. Yes, with a typical sunlamp.
Mr, BICKWIT. Do I summarize your findings correctly when I say

you believe 2,4,5-T is degradeable in a matter of months, and with
respect to dioxin there is some evidence it is degradeable, but we
do not know whether or not it is?

Dr. JOHNSON. Correct. I should again emphasize if specifications
tire low, the minute amount presents an extremely small exposure.

Mr. BICKWIT. With regard to the calculations that you offered us
earlier, you have assumed that a person who ingests 2,4,5-T is
ingesting one part per million dioxin. Isn't it possible

Dr. JOHNSON. May I clarify the statement for the assumption?
Mr. BICKWIT. Sure.
Dr. JOHNSON. The 0.2 parts per million referred to a hypothetical

situation.
Dr. JOHNSON. People do not ingest that much, and that is the

total dietary intake, and moreover, 2,4,5-T has not been a residue
in food. It is, in effect, zero tolerance.

Mr. BICKWIT. I understood that. What I still understand to be
your assumption was that any amount of 2,4,5-T, no matter how
small, that was ingested, would have one part per million dioxin in
it. That was the basis of your calculation.

Dr. JOHNSON. The specification we have set for our own product
is less than one part per million. Actually, it is 0.5. The assumption
vras to make it easy mathematically, on the high side, and some
d.ay I will learn not to draw these mathematical analogies. They
never quite make the mark.

Mr- BICKWIT. Well, I hope you learn right now. What I was sug-
gesting as a possibility is, that since 2,4,5-T is degradeable, and
since we do not know whether or not dioxin is degradeable, that
although your product, when sprayed, has 0.5 parts per million of
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dioxin, by the time that is ingested it may have one part per thou-
sand, one part per hundred, ft may in fact have more dioxin than
2,4,5-T.

Dr. JOHNSON. I am sorry. I don't understand your logic for thi»
escalation of the dioxin in foods.

Mr. BICKWIT. If we have a compound which contains another
compound, and the larger compound breaks down, while the smaller
compound does not, the smaller compound becomes a greater and
greater percentage of the large compound.

Dr. JOHNSON. Wellr Dr. Blair has some information that may be
useful in this rather hypothetical situation. May he answer?

Senator HART. Yes.
Dr. BLAIR. Actually, in regard to the question the way you phrased

it, if there was a degradation of the 2,4,5-T, there would not be a
corresponding increase in that amount of dioxin.

Mr. BICKWIT. Certainly not.
Mr. BLAIR. So your question as phrased has no meaning as I tried

to interpret it. Unless you mean that possibly as 2,4,5-T degrades,
that it would degrade through dioxin, or into a dioxin product.
Then, while the percentage would go up, the exact concentration
has not gone up.

Mr. BICKWIT. What- I am saying is that your calculations are
based on the view that the hypothetical view—that we would allow
a 0.5 parts per million tolerance for 2,4,5-T. You then conclude, if 0.2
parts per million of 2,4,5-T were ingested, that an extremely minute
amount of dioxin would be ingested.

What I am questioning is whether the conclusion follows from
that premise?

Dr. BLAIR. Yes, it would be an extremely small amount, and it
would not increase with time.

Mr. BICKWIT. What I am suggesting is that the 2,4,5-T could
break down so that it complies with the 0.2 parts per million tol-
erance. In fact, it might even disappear. Yet, we would be ingesting
a good deal of dioxin for which there would be no tolerance.

Dr. BLAIR. It is not possible.
Mr. BICKWIT. I don't understand why not.
Dr. BLAIR. How could you ingest 2,4,5-T that contained a tenth

of a part per million
Mr. BICKWIT. It contained that much when it was sprayed.
Dr. BLAIR. Yes, and with time the concentration of dioxin in that

environment has not increased one iota.
Mr. BICKWIT. That's right. The amount has not increased.
Dr. BLAIR. But is not possible to ingest more than what is there.

It doesn't make sense.
Dr. JOHNSON. Mr. Chairman, could I make a comment?
Senator HART. I wish I could be helpful. I would like to .see if a

rephasing of the question might not elicit the point that.- bothers
Mr. Bickwit.

Dr. JOHNSON*. Do you want to comment first, or have the question
rephrased first?

Senator HART. Make your comment.
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Dr. JOHNSON. I think Mr. Bickwit is talking about the possibility
of the 2,4,5-T degrading in the food consumed, whereas the degrada-
tion question only applies to environment.

Mr. BICKWIT. No, I am not.
Senator HART. Try it again.
Mr. BICKWIT. You are assuming that the maximum amount that

vre would ingest would be 0.2 parts per million in every amount of
food, in-every iota of food? that we eat. From that you conclude
that the amount of dioxin in that food would be one-millionth of
0.2 parts a million, which I admit is an extremely small amount. I
am questioning your assumption of whether the amount of dioxin,
compared to the amount of 2,4,5-T that is ingested, would be one-
millionth merely because dioxin is one-millionth of the 2,4,5-T
amount when it is sprayed ?

What I am suggesting is that the dioxin consumed may actually
be more than the amount of 2,4,5-T consumed, even if it is only one
part per million when sprayed.

Pr. JOHNSON. Is the situation that you have in mind that the
•2,-1,5-T is sprayed?

Mr. BICKWIT. Yes.
Dr. JOHNSON. The 2,4,5-T is sprayed into the environment. This

contains one part per million. Then the 2,4,5-T degrades. The dioxin
does not. And over a period of time, is there is a buildup of dioxin ?

Is this the problem?
Mr. BICKWIT. I have another way of getting at this, perhaps.
If one gram of 2,4,5-T is sprayed on a blueberry—an unlikely

assumption—and the 2,4,5-T degrades so that it complies with the
tolerance of 0.2 parts per million, you may still have one microgram
of dioxin sitting on that blueberry, without any violation of the
tolerance of 2,4,5-T. And that one microgram may well be toxic.

Dr. JOHNSON. I would like to find a degradeable material like that.
Theoretically, obviously, if the one gram of degradeable material
contained the one microgram or one part per million of nondegrade-
able material, then the one gram degrades, that one microgram
ffould still be sitting there.

Is that the point you are trying to make ?
Mr. BICKWIT. That's right.
Dr. JOHNSON. That's right.
Mr. BICKWIT. Well, how then does a 0.2 parts per million toler-

ance for 2,4,5-T protect us from dioxin ?
Dr. JOHNSON. Because the ratios of those two during the process

of growing and supplying the food are going to remain essentially
the same.

Mr. BICKWIT. You have no evidence for that statement.
Dr. JOHNSON. I know I don't, but you have no evidence for the

hypothetical question, either.
"Mr. BICKWIT. I do have some evidence, by your own statement,

that dioxin is more likely to be nondegradeable than 2,4,5-T.
Dr. JOHNSON. But these are matters of relative rates. You are

suggesting an instantaneous degradation.
Mr. BICKWIT. I am using a hypothetical situation, as you were.
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Dr. JOHNSON. My purpose in bringing up what appears to hat*
been a rather foolish example was merely to give a feeling for th*
magnitude of how much dioxin we are talking about.

Mr. BICKWIT. And my contention is that once the assumption on
which the hypothesis was based is removed, then it does not git*
that feeling.

Dr. JOHNSON. I am sorry. I don't agree.
Senator HART. That is one of the fortunate features of having a

reporter here. We can all grab the record in the morning to see if
we can count out an understanding and agreement of yesterday.

Mr. BICKWIT. You state in your statement that members of the
Mrak Commission had not seen the report prior to Dr. DuBridgc1!
October 29 announcement.

Last week Dr. Kotin of NIEHS told < us as work was completed h
was promptly passed along to the Commission.

Do you mean to imply that the Bionetics report was not complete
until this time?

Dr. JOHNSON. I did not receive a copy of the report of the Pane!
on Teratology until very late in the deliberations.

Mr. BICKWIT. I think that is unfortunate. I wonder if you have
knowledge as to why that was so ?

Dr. JOHNSON. No.
Mr. BICKWIT. We have have been told that whenever you burn a

polychlorinated phenol, dioxin production is possible, or even likely.
Could you enumerate a few of your products that contain such
phenols?

Dr. JOHNSON. There's trichlorophenol, tetrachlorophenol and pen-
tachlorophenol, and sodium salts thereof.

Mr. BICKWIT. What is a Dowicide product?
Dr. JOHNSON. The products I just mentioned. Since you related it

to the phenols, I assume that is what you are talking, about.
Mr. jBicKwrr. Yes. I wonder if you could furnish us with a list of

all such products
Dr. JOHNSON. Mr. Rowe clarified a point here that our Dowicide

trademark applies not only to chlorophenols, but to other antimi-
crobials.

Mr. BICKWIT. I wondered if we could have for our files a list of
the products which you produce which contain polychlorinated
phenols?

Dr. JOHNSON. Yes. I prefer the term chlorophenols. Polychlori-
nated phenols would indicate a polymer. Chlorophenols.

Senator HART. Now I am getting into something that you donl
have to be anything to understand except efficient.

Do you have anything to do with Lake St. Claire?
Dr. JOHNSON. I am not really prepared to discuss that in detail, I

don't have any direct responsibility for the Sarnia Plant.
Senator HART. I would be disciplined severely by my outdoor

friends if I didn't ask what you are going to do about the mercury
that has found its way into Lake St. Claire.

Dr. JOHNSON. I might say this, we intend to exercise responsible
action.
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Senator HART. That is like the lawyer admitting his client is inno-
tent. But I won't push you if you are not prepared.

Dr. JOHNSON. I am not prepared to say any more.
Senator HART. Thank you very much.
Are there any further items that you have ?
Dr. JOHNSON. Yes, if I can take a few more minutes.
Senator HART. Time is not a problem.
Dr. JOHNSON. I would like to make a comment or two, again on

dioxin before getting into the last part of my testimony.
There have been questions raised about the decomposition of

j,4,5-T and dioxin. 2,4,!>-T is unstable at elevated ^ temperatures. We
were able to get degradation when 2,4,5-T or dioxin were burned on
paper. We were unable to detect any dioxin residue in the smoke,
jfow, these are very early bits of information, strictly preliminary
but I thought I should mention it at this time.

This morning you asked a question about shortening the time
interval between the early indication of some possible difficulties and
the learning of sufficient truth about a situation so that we can take
appropriate action prior to an imminent hazard to health. Hope-
fully? if we c*11 improve some of our combined procedures between
Government and industry, we can shorten that time.

I have a few remarks to make that apply to the scientific com-
munity as well as to this interface with Government. Screening tests,
js we have heard, (and I commented on some of my own,) I think
ire of value. As early indicators. But screening tests alone, without
the consideration of quantitative data, can be quite misleading and
if necessary

Senator HART. Can be what?
Dr. JOHNSON. Quite misleading and I think it is necessary to

develop understanding in meetings where open reports are published
early and where scientific information is submitted to the challenge
of other scientists; scientists of the universities; government; indus-
try and professionals so these things can be considered in the cald-
ron of open technical debate.

I think we can operate more quickly to shorten this gap if there is
more openness about reports. Moreover, I think another procedure
for shortening the time is better to understand test procedures. The
screening tests are simple but those tests which are substantive
enough to justify intelligent action require, the consideration of sci-
entists outside of the generating laboratory, and the review of
appropriate methods.

Test methods for regulatory action are—or for clearance of new
products, in particular, require consideration. I don't mean we
should lock every clearance procedure into a lock step because the
development of techniques is a mutable, changing thing. But the con-
firmation of tests prior to official acceptance as this relates to public
policy is important.

The Association of Official Agricultural Chemists has established
a useful procedure. When these gentlemen and this association are
considering new tests, the topic is identified, the first scientists to
work on the test are identified, collaborators are found to work out
objective tests and these tests are run in separate laboratories so that
confirming methodology canJbe established.
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As a result the test must be reliable; that is, it must give accurate,
precise and reproducible results when used by qualified analysts. It
must be practical; simple. It must be available to all analysts and it
must be substantial; that is, supported by collaborative study.

Now, I will say these types of tests apply primarily to clearance
procedures or to regulatory tests. I am not saying extreme tests are
not in order. But those which support the authority of regulatorr
backup need this type of scientific consideration.

The American Standards Society also has procedures for stand,
ardizing tests. These are physical tests. Thej involve one or more
laboratories in the preliminary study and interlaboratory studies,
maybe as many as 10, in the more refined studies, and this results in
a standard test method which can be used.

The Department of Commerce, National Bureau of Standards,
does an excellent job in developing standards. Moreover they have
an industrial associates program which permits the access of Indus'
try into these laboratories, for a period of time to work, so thit
industry representatives can better understand the problems of
standards and go back to their companies better informed.

Protocols for clearance of new and existing products, I think are
important for the Food and Drug Administration to consider seri-
ously. Again I don't mean standard tests would remain forever, but
protocols. Industry needs to know where it stands, industry alao
need to participate; appropriately and at arm's length, to be sure,
nevertheless; to participate with specific information.

The period of time between 1966 and now could have been short-
ened by sharing appropriate information, and I admit we could
have assisted by volunteering earlier. But there seems to be some
reverse of togetherness and there seems to be great concern that com-
munication between governmental agencies and industry is suspect
and would be misused.

I would hope that one valuable result to come of this would be *
continuation of developing science fortified by interest in this impor-
tant matter of communication.

On the point of developing protocols (and I frankly think the
whole subject of teratology requires the vigor of scientific debate
among professional peers involving industry, university and govern-
ment) I would hope the National Academy of Sciences could pro-
vide such a forum, if not the National Academy perhaps the New
York Academy of Sciences and I intend to help encourage this
because it is important. It is important that these ideas are traded
openly and published.

I would mention that the World Health Organization, in a docu-
ment entitled "Principles for the Testing of Drugs for Teratogenic-
ity," the World Health Organization Technical Report, Serial Xo.
864 or 1967, has the following to say on test animals for teratoloirv.
on the subject of the chick embryo, page 7.

The chick embryo contributes greatly to basic euibryologlcal knowledge
However, for the screening of drugs for teratogenicity, its use is not recom-
mended. It is too sensitive to a wide range of agents and affords ho imraliH
with the anatomical and physiological relationship existing between pregnant
mammals and her conceptus.
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I will support the idea of the use of a chick embryo for screening
tests, early indications, but from that point on additional protocols
and understanding, I think, are necessary.

Again in the line of helping to shorten this interval, I think strict
standards are necessary m defining matters of safety and public
health. No question about it. I don't object to tought regulations.
But industry needs to know where it stands and the dialogue is
important. The dialogue between agencies can help to shorten this
time and I am glad to see distinct improvement in communications
between the Department of Health, Education, and Welfare and the
Department of Agriculture.

Again I would like to say we are not talking about a locked-in
procedure that could be used as an excuse to avoid further responsi-
bility for progress.

Another point; millions have been spent on cancer research. Yet
to this day, adequate experiments have not been devised or sup-
ported on an adequate scale by government to establish thresholds.
By that I mean levels below which no response occurs. Without that
type of information—there will be continuing public fear as analyt-
ical methods become more and more sensitive.

Senator HART. May I interrupt you there?
Dr. JOHNSON. May I finish the point and come back?
With teratogens, mutagens, radioactivity and teratology, this all

applies. In other words, if the dose is low enough can any of these
effects be avoided. This is the big question today. It is the question
which coupled with sensitive analytical methods makes the Delaney
clause a difficult thing to live with.

I would like to make the comment that vitamin A, an essential
outrient, is a teratogen at high doses. So this matter of developing
test procedures and a big enough experiment with carcinogens,
mutagens, teratogens or low levels of radioactivity, needs to be done
on a national scale and supported so that some of this public fear
can be avoided and so we know where we stand.

Scientists should put limitations on their speculations and precon-
ceptions and get the facts but also realize we have a job in serving
the public policy that does not exactly follow the scientific method.

I hope we can work out quicker procedures to go from early indi-
cations to reliable decisions by involving some of the procedures I
have talked about. After responding to your question, I would like
to make that final statement.

Senator HART. I am not sure I need to ask the question now. I
agree completely on the desirability of doing that which our best
minds can suggest to shorten the time.

The question I intended to interrupt you with I think you did
answer. I was going to ask to what extent in developing these
thresholds and having broader sampling and more reliable data, to
chat extent is that the responsibility of the Federal Government?

Dr. JOHXSOX. On the matters of carcinogenicity, teratology,
radiation, and mutagenesis, where such public concern is involved,
and since this involves a wide variety of suspected material, it is my
opinion that the Federal Government should play a major role in
jiipporting this research, both in its own laboratories and in extra-
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mural research done in universities and in industry to help get the
diversity of methods and the best thinking of the nation.

Senator HART. All right, then to the extent that the story that we
have hea^d today and heard last week reflects delay and a failure of
communica.tion, I would hope that the suggestions you have made
and the discussions that we have had all will insure that there will
be no delay, there will be no barrier to free communication, and
there will be no suspicion attached as agency and producer try to
drive through to the answer.

Now, you wanted to remind us of what the Ribicoff committee
said.

Dr. JOHNSON. Yes, if I may.
This is read from Report No. 1379 of the 89th Congress, 2d Ses-

sion "Interagency Environmental Hazards Coordination, Pesticides
and Public Policy", a report of the Committee on Government Oper-
ations United States Senate, made by its Subcommittee on Reorgani-
zation and International Organizations. I will read from page 50.
And this puts the scientists on the spot, including me.

The heading of the paragraph is "The Responsibilities of the Sci-
entists" and we are talking about industry scientists, governmental,
and university.

"The committee asked the scientific witness for meaningful
advice for the Congress, but much of the testimony was inhibited by
defense of past positions, employer loyalties, and lack of authority."

Scientists should do as thorough a job of preparing answers on
aspects of research administration and planning as they do on the
technical details of the work.

The maker of public policy must have alternatives from which to
choose. There are always strong vested interests which resist change.
Unless the technological situation (in this case, ecology) can be
clearly explained and related to public policy issues, the decision-
maker is hardput to recommend any new course. This understanding
must be extended also to the citizen. No great social issues have ever
been decided until the needs were clear to the man in the street.

Scientists cannot assure that their knowledge will reach the deci-
sionmaker through the normal channels of publication and review in
the scientific community. Without shortcutting the classical methods
of assessing the truth, there is still an obligation to interpret what is
known and replace emotion, rumor, and misconception with a clear
explanation of the facts.

The role of the scientist in relation to the legislator is limited to
an area somewhere short of the decisionmaking point. Proper use of
scientific advice requires considerable effort on both the part of the
scientific community and the body politic.

This is the end of my statement.
Senator HART. I am glad you reminded all of us of it.
Doctor, thank you very much.
Do your associates have anything to add in light of the statement?
All right, thank you very much.
Dr. JOHNSON. Thank you.
Senator HART. Next we have Dr. Samuel Epstein, Children's

Cancer Research Foundation.
Doctor, we welcome you.
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ABSTRACT

Teratogenic Study of 2,3,7,8-Tetrachlorodibenzo-p-dioxln in the Rat G. L.
Sparschu, F. L. Dunn and V. K. Rowe, The Dow Chemical Company, Midland.
Michigan.

2,3,7,8-Tetrachlorodibenzo-p-dioxin has been found to occur in small amount*
as a contaminant in some commercially manufactured samples of 2,4,5-trichloro-
phenoxy acetic add. The purpose of this study was to learn whether the presence
of this impurity possibly could account for the fetal abnormalities in test animals
reported in a recent study (unpublished data: Bionetics Research Laboratories.
Bethesda, Maryland).

The dioxln was administered by garage in 9:1 corn oil-acetone solution in doses
of 0 (control), 0.03, 0.125, 0.5, 2.0 and 8.0 micrograms per kilogram body weight
per day to groups of 24 (control) and 12 (treatment) pregnant female Sprague-
Dawley derived rats on Gays 6 through 15 of gestation.

On day 20 of gestation, each dam was sacrificed and a cesarean section per-
formed. The number of viable and dead fetuses and early and late resorptions was
recorded. Each fetus was examined for any gross abnormalities. Two-thirds of
each litter were fixed in Bouin's solution, Wilson sections were examined under
the dissection microscope, and tissues were studied for histopathology. One-third
of each litter were fixed in alcohol and examined for skeletal abnormalities by
alizarin red-S staining.

Presented at the meeting of the Society of Toxicology, Atlanta, Georgia, March
17,1970.

No differences were observed in the fetuses taken from dams treated at the
dosage of 0.03 /tg/kg/day and those taken from dams that received the solvent
vehicle only. At the 0.125 ^gAg/day dosage, all parameters studies were within
normal limits except for a very slight decrease in average weight, and the occur-
rence of intestinal hemorrhage (18/127) and subcutaneous edema (22/80) in the
fetuses from dams that received this treatment At the 0.5 ̂ g/kg/day level, the
number of fetuses was reduced and the number of resorptions and fetal deaths
was increased. The average weight of the viable fetuses was very slightly de-
creased. The incidence of intestinal hemorrhage (36/99) and subcutaneous edema
(31/65) was markedly increased over that seen in the 0.125 /tg/kg/day treatment

At the 2.0 /ig/kg/day level, only 7 viable fetuses were obtained. These were
from 4 of the 11 litters examined. Resorptions were numerous, intestinal hemor-
rhage was frequent (4/7), and subcutaneous edema was present In all of the 4
fetuses examined by Wilson section. One fetus from this treatment level wa»

found to have a kinked tail and two of its feet were somewhat misshapen. Skeletal
examination, however, revealed no evidence of bone abnormalities.

The 8.0 /ig/kg/day dosage level proved to be toxic to the dams. There were no
viable fetuses in the dams which were examined on day 20 of gestation All resorp-
tions occurred early and no evidence of fetal tissue was found.

•Skeletal examinations revealed delayed ossification of some sternebrae and
skull bones. This occurred generally throughout the various groups Including
controls, and is not considered to be of practical significance.

The results of this study indicate a high level of maternal and fetal toxlclty to
l>e associated with 2,3,7,8-tetrachlorodU>enzo-p-dioxin. Its presence in the sample
tested in the Bionetics Laboratories study could well have accounted for the ob-
servations reported and attributed to 2,4,5-trkrhlorophenoxy acetic odd
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