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FOR THE CONTROL OF TREES, ﬁRUSH AND BROADLEAF WEEDS

by

Low-Volatile Brush and Weed Herbicide for lndu$trial '}

; . CAUTION

PALCAUTIONARY STATEMENTS
Hazards to Humans and Domastic Animals
HARMFUL IF SWALLOWED « MAY CAUSE IRRITATION
Avoid Contact with Skin. Eyea, ar Clathing
Wash Thoroughiy Aftar Handling

etation Control, Fencerows, and Rangeland
KEEP OUT OF REACH OF CHILDAEN

ACTIVE INGREDIENT
' chrrpeypacetc Aced

h "
INERT INGREDIENTS: ...... ......... ...
2,4.5-Trichlorophennxyacetic Acid Equivalen

! Pounds por Gallo

sl Teearment

fv. e el impdr g attanngn
T 1w LIS YRS oF walel and
s aaythingg by mouth to

Statements of Prac
incass ol cantact. vimedatoy theh pyes
wHLten ety S awentiowed niu. e
stekong frrgre dowa throat
AN UNERNE0uS perann

E P.A Registralion No. 464 EPA Est 464-MI-

Physical or Chomicul Huzards

PRECAUCION AL USUARIO: Siusted no lee inglés, no use esle produtlo
hasta que la etiquela le haya sido explicada ampliamente.

TRANSLATION: (TO THE USER: If you cannot read English, do not use this
product until the label has been lully explaingd 1o you )

Do Not Cut or Wald Cantuiner
Environmental Marards
Thg prodact s toe ta b sh Keep ot of akey streams of ponds DD eat app'y whera ninaths
Ikely tu occwr Do ot rantameragie water by tloining nt ea. nenent o d sposal of wasiss Do not
Ceat e P gt an e e ipr e Fgr gt 00 U et iy

Iacese o' an emaryency andanganing hile ot
proparty tnvolving thag product cali eollact
517-636-4400

AGRICULTURAL CHEMICAL
Qo Not Ship ot Store with Foods Faeds.
Drugs or Clothiag

18.93 L/5 gal
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Contains [Butoxyethyl Ester]

DIRECTIONS FOR LUSE
& 6 & viclowon of Feders! lew 40 wes fhes Erecic! 1 8 menner Inconsistent wash iy

CSTERON 2458€ & ide s d for indh contsol,
fencerows, snd tangelend. De aet uee n ferest lends, Mudmv.
pastiuwres.
'MMmu*mmMMuMMZCD:M
an epecies o0 - -h black gum, »

Ve, maple, osh, ph mb' hly
redbey. b -dd“*‘ wild 1008, SN COILBIN SQECIAS
of Ribes. Dommulum 3 208 whvers spray driit may sontect nesiby
lll'mm.-mum‘nﬁ plants o Moy contaminete

cacwm,

water intonded for levip. ond fellow o
wmmnuw
PREPARING THE SPRAY
Use anly dissel oll, No. 1 or No. 2 fuei 5l or horssens where ol Is recom-
ded In the ety

O spraye: Add  tinaes 214 10 the required smount of ol in the aprey Lank or
mining 1ank 3rd min 1horoughly. This minsure €an be made 8t eny bme belore ac-
el uge snd no wilt gocwe. Do not lut any weter, & Ol water minture
2praye gel into the - 11TTem PN | e inio the hnished micture, 98 # gy lorm 8
ool

Water Sprays: Fit tha aorpy 1onk about helt full with cleen weter, sdd the re-

quhdmld nu-—mulnlemlolﬂ‘tnunl Min thoroughly
whiy then: Sos NOTE in paragraph on

Mw.wmmn.um

Ooll-Water When s used, | gellon ot

“"""""nm«wniﬂ.mdolh!ﬁpb-dwmmo
Flrst, promin the 117188 301t | g oil in 5 ewperate conteiner. Do not eliow any
waler O misheres Conisining water 10 pot WO the “""‘"-lwlh.pnmh
Fill the agray tenk shout helf hull with weter, then slowly scd vhe premia with con-
huous sgitation and complete filng the 1k with water. if the premix s pul in
the tenk without sy weter, the first water sdded mey form g thick “inwe”
{weter in oif) emulsion which will be hard te brash. As an sfiernete procedurs, the
ol may be added alter the . n'u-ul'hni-uhuuu;hnm

rod and ® poor may be formed.
'ham:uﬁdhrﬁ-n‘
ROTE: | coream ponse i woter oF ol-waier Bpreys fonng an emulson, not » sols-
m“mwmmmmwmnwm

HIGH VOLUME SPRAYS
Bossl Bark Trestment: Brush and emall Weve can be cantelied by apraying the
mu-um-mu-um-unmdllnllmhmm
€511 20000, iy 100 nelons I3 Dint in 4
gellons) A T1ae i in 100
golions {1 pint in 3 gelione) ¢f OB, is effective. As only the besel partians of the
brush are reatad 0n 8 6pot basis, the lotsl smount sprayed per 3crs would not be

requiren MOre SPIeY then young of emooth bavh.
. inthading the wintes monthe, aa-

copt when enow, ice or water prevend spraying 1o the ground ine. Otien deleyed

reepones ndd kiling can be especied.

Dormont Brush: Tram srvy sime sfter brush s dorment end most of she fotlege

hoe dropped. Sersy sheukl be conceneted 81 the bese of stems and in eddision,

Under 100tmschering spaties
u-uumuhmdwwwmmwmhmﬂ'

of 24 5T o

vigols Min | 172 goons of  giriass 2o1eq - 100 gatlons of od Brush of aviraye
dervisty and 4 10 § feut high may 13ke Up 10 150 pattons O sprdy Mesture pet 1w
Brump Trostment: Where growih 15 more than 8 1o B feet 1ol cut i close 1o the
ground end spray the lreshly cut stumps and siwbs wiih ] galtons of
245 in 100 gations (1 pwt 1 & aelions| of od, muned thosoughly. For more 1esmstent
pecies, use 4 galions of | 1SN B 00 o uknng {1 pwit in 3 gations) of od
Waet thotoughly all snposed bark, 28 well 9% cul suxlaces The mesnt spraving un
W tun down o1 1un off 10 the ground bne 1 notweable Did or 1ouph Daek 1equares
Mmote spray volume then young Of &mooth bark  Apply 81 sny kme, mhuding
it monthe, eaCepl when ice, SNOW O Wi(e Dreven spraymg 10 the juound
In- mm-mwmmﬁ-ﬂv:uulmtnmhuxlmu lorger
cpares lrom 10 b0 100 gellons pam scte devendeny
on denerty of slumps and siube.
“Feill” Tesatment: For lerga Wrees, maks o singlehuch gadie o “Hd’ of over
lopping ane cuts completsly sround the tiee a8 close 0 the ground se feavhie
Swnlhohlmo-wwmumunol)omd i 18t o 100
9alons 11/2 pint wn 3 gationa) of od —
Spet Follage Troatment: Use 1/4 pinl of 11Nt 1n ) gations of water
and 3pray 10 wert o lohage, shoois. stems and bark winout nnall

LOW VOLUME SPRAYS

Apply low vulume spiays Conlawmeng B0 B e fohage » well
duveloped snd plants srg sctvaly groveng £or Dest 1esults 00 wuddy specms, sod

< should be sl 1 Iohs: growth Spiayng dunng prulong
od hot, dry weather os alter leaves have lost thew rormal green color and vigor
mey Nol grve satwisciory conteo! Ammmmmmuwmwnd
QupMant ohly wihan spray dedi will not be & pr. - Nols uss
.nol Troatmem Using Powered Knapsach Bprayer— Ma | 1/2 10 2 gallons
of UITINS 3880y uh tuel O Of MeroRene 10 meke 20 galtons of 1018t 3peay solu
Son. Appey wein s porisbig kneptack massbiower 10 alt sedes of lowst brush siems
inclutng the root coller. Good coverage of the 1004 colas w sssential fr best
results Pun matbiowsr st 174 10 173 theottle lor best sprsy deirvary and
covernge. For maaimum drift contiol uss & bessl noerie sttachment and do not
1aine noeris above the hotirenist posmon

AIR APPLICATION FOR BRUSH CONTAOL
Consult the Agricuinasl Enperiment Blakon, your locsl Entension Sevvice Weed
@0 Rangs specishels fer bost timg 10 et and need 107 18- Mesinent I your ses.
Do not use f1om esrv boot 18 Mk 31098 where grass seed prodhchon & desned
Mooquite: Use 1 pih 13T00en 2eser  Phus 1/2 10 | gotion of o in emough water te
mate 4 galions of tetal sptaly pot 8cre. Apply 40 1o 30 deys after fusl leaves
appess.

Bond Shinnery Oob: Uss 1/2 1o 1 quert of TRImR 2618 pag 1 galion of ol
nough water 1o rmeke 4 gelions of 1048l spray gur scis.

Post and Blachjock Oshs: Use 2 querts of 111 24108 piys | gatlon of o in
snough weter 10 meke 4 10 § galions of 10tal spray per scre.

USE PRECAUTIONS
Nete: Do not grare deisy snimels o0 irested seas wiitun § week slier applics-
sworr Do not grare meat animeis on Wested weas wittun 2 weeks of slaughier,
AVOID CONTACT WITH 2.48.7 $ SCEPTIBLE CROPS AND OTHER
DESINABLE BROADLEAT PLANTE — t111a0n 14307~ Herbucide @ mpurious {0
most trosdise! plants. Thavetore, do not spply dwectly 10 Of oiherwms permit

Acid Equivalent: 4 Pounds per Gallon

00 NOT SPRAY WHEN WIND IS BLOWING TOWARDS SUSCIPTIBLE
CROPS OR ORNAMENTAL PLANTS
AVOID SPRAY ORIFT - Apph.atvms should bne made iwdy when thie 13 no
hazaed letem speay il 20CR varty Sl Uil of sy Whech Mgy A e vome
ble, Moy severely wpu'® suscapidie LI0DA duinny OO sp g sl Gremant
perrody Use COMLa 30yt 10 mwrminzg doll suu &, urdnd silveise wadiler (O
hons, ine $pray dropiets mey dnll o mdw or mexr The snay the heriig sgent,
NALCD TROL', may be used with the produti 10 2ed i srlicmg sprae dedt B
used fafow o8 use #0d piec 001 the: gradhact et
‘MALCO TROL - Tiadersarh of NALCO Chemw ot Company
GROUND EQUIPMENT - With ground equpument, 3orpy deifl Cin be lensened
by heepsng 1he spvay LOOM 28 low a8 Possbie. by spityng 20 gatiors o more of
spray pur K18, by usnp N0 mare then 20 puuinhy WM ayu) IFrIsure wath lasge
droplel producing nosile 1ps. by 1preyng whats windd vekirily n 8 mdes bet houe
ot tess Do nut apply with hallow Cone 1yDe sm Ixgule O Lthes Bugsies that pro
dhate 3 ine dooplel unay
AERIAL APPLICATION - Wih pucrali, doll can b lepured by Siphyey 8
CoMsa Hnay. by usiny 1) Mmorg then 20 pounds piay [uessair ot the esies by
BT 07 Hks Giec i Alanght hat b by usiw) 8 spray Lunwn no
he weitnit S10at OF the SL1all @i Iy Mm.aysiny ey dehen wind
velucdy m beas then 6 mph
00 NOT APPLY BY AIRCRAFT WHEN AN AIR TEMPERATUAE INVER.
SION EXISTS Such § COnckiion s Charad teresl iy bitke i 11 veorsed 3430 with aer
1emEe 31ure Wwet neer the geound then 8t tegins levely The: uie of § COnIOUS
Amoke cOIMN 81 0 neat 518 Of sNEhcAION B Bigueting TV nulwate MWE tuw) and
welocity Of 2% MOvernent, snd 10 N 18 3 lenqicrahute miveswon by lapenny of
the smoke
Al hagh tenperatuies vapots HOm the prurhx | indy et busceph
bl plants growng nesty DO ol use M r nesr & Perrvhouse §xcessve
smounts of thig herbecade in the sod maey | dy wildnt 2eed go o
plor growth
00 not ust #70und the bome, 1ECIEETON B1ess 1N Bitsdr Biten
The provuct @ 102 10 Inh Keep out ol Lskes, slizarm wnd pundd DO Nt con
wates by 9 of o Unpossl of w.ntes
D0 not contamnate wigshon diches or water used (o WEQAILN O BOMEL I Pur
poses Tha product can be siored i an unheated buding hut 4 saposed 10 sub
freazng . $houkt be warmed 10 81 least 40°F and mened themiglily

belore usng Do not ore naa lostisars, seeh iicin nies o fungurdes Do
N01 tause CONtaness 10 svoud ey 10 deswabile plants. 40 N0l $10ve, harie or

othe! sgeculiural chermucals wnth the saie conloners o equepment used
eucept 8% spetdnd on the babued

spply
weith $31103% 2440t

lands away lrom waler
holas i them snd but:

locd cmubnions may sflact the -n;:l haetrcrdes Comult your State Agricutiuest

1atron o £ vice weud speLwint 100 advece M shiecing

teeatemenis Irom thws et 1o best b1 local condhinum Be sure that use O tha pro

duct conlnems 10 aR spplcabie teguianons. Apply Hus producl only 88 specded
on They lebed

NOTICE Sritee wortonts ot the ponuc! Conkmmm 19 i Lherme o @raciphon and &

b1 tos the Wpted o 1he Whe! when utel o 3ciLovienc e sith drecinng

aven minute amounts 19 cOMaC! chOn grapes, vob: 1t tges,

flowers, o other plonts 024,58 1. D0 not use
i or nesr & gresnhouse.

DO MOV APPLY I8 THE VICINITY OF COTTON. GRAPES. TOBACCO.
TOMATOES OR OTHER DESIAABALE 2.4.5-7 SUSCEPTIBLE CRAOPS DA
OANAMENTAL PLANTS.
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Notes

Trie Journal of Heredity 73:224-226. 1982,

2,4-D induced clastogenicity
and elevated rates of sister
chromatid exchanges in
cultured human lymphocytes

C. Korte 2nd S. M. Jalal

A2STRACT: Potential for genetic damage in future gen-
erations from such widely used hormonic herbicide as
2.4-D (2.4-dichlorophenoxyacetic acid) is of serious
concern. Yet the data, particularly on mammaiian sys-
tems. continue 10 be inadequate and inconclusive. An
anemst was made in this study t0 determine the clas-
togenic and mutagenic potential of 2.4-D in cultured
lvmphocytes. Chromosome damage though statistically
insigniticant occurred at dosages as low as 0.2 ug/mil.
Chromosome damage was increased at a statistically
significant level whenever the concentration was 50
Hg/mi or higher. Mutagenicity, based on rates of in-
crease in sister chromatid exchanges, was significant
at 10 ug/mi or higher concentrations. Statistical testing
was based on analysis of variance., Dunnett's multiple
cormparison tests and linear regressions. it seems im-
perative therelore 10 avoid indiscriminate use of 2,4-D,
and 1o test the compound for long-range low-level ex-
poswres. ’

AN ESTIMATED 400 synthetic chemicals have
been used in agriculture since the 1930°s to con-
trol weeds. inscets, rodents. and pathogens. Until
recently. the most widely used herbicides were
2.4.D (2.4-dichlorophcnoxyacctic acid) and
2.4.5-T {2.4.5-trichlorophcnoxy acctic acid).
LDT (dichloro-diphenvi-trichlorocthene). a
chioronited hydrocarbon. was the most abun-
dantly used insecticide until its ban in the 1970,
Although 2.4.5-T is prohibited from use in the
United States (its usc in limited amounts has
been permitied). 2,4-D continues to be used on
a large scale.

_Plant auxin analogs (2.4-D and 2.4.5-T) are .

hormonic herbicides that at lower dosages act as
growth rcgulators® much like the plant auxins.
At higher dosages. however, they induce potent
herbicidal effects. Agent Orange. an cffective
dcfoliant used in the Viet Nam conflict was
composed of S0 percent 2.4-D and 50 percent
2,4.5-T%. It is clear from an HEW rcport2 as
wcll as the monograph of Epstein and Legator?
that the vast majority of testing for penetic
damage has been conducted on microorganisms,

The authors are, respectively, associate professor of

- —biclopy. St. Mary s College, Winona, MN $5987: and

Grand Forks. ND 58202,

professor of biology. the n@:\ of North Dakota,
< 1982, American Genetic Association.
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FIGURE 1

1.2-D treated human lvmphocyies. A—chromatid gap. 8—chromatid gap and a chromatic

fragment. C— chromatid dclction. isuchromatid frapment and chromatid gap. D—large isochromatic

deiction.

insects, and higher plants. The trend secems to
continue in rccent years?-2!,

2.4-D must be potent biologically 1o effectively
defoliatc in a matter of a few days after surface
contact. Although rcports abound on its cytotoxic
cffects on a varicty of organisms. asscssment of
its potential for genctic damage continues to be
seriously inadequate. We wish to present our
preliminary finding on chromosome damage and
rates of sister chromatid exchanges upon expo-
sure 10 2.4-D in cultured human lymphocytes.

Materials and Methods

Lymphocyte culture from four male subjects
was bascd on the standard whole blood culture
technique'!. Solutions of 2.4-D in cthanof were
prepared in cight concentrations (0.2, 2.0, 10.0.
20.0, 30.0, 40.0, 50.0, and 60.0 ug/ml) so that
cqual volumes of ethanol could be used for
varying amounts of 2,4-D. Two controls were
uscd. onc with cthanol and the other withoutany
treatment. After 20 hours of incubation of 0.2 mi
of whole blood in 5 mi of the culture medium at
37°C, one ul of various dilutions of 2.4-D in
cthanol was added to the culturc. Incubation
continued for another 48 hours. Air dried slides
were prepared following hypotonic solution
(0.075M KCL) and colcemid (0.04 ug/mi)
treatments. The slides were stained in 6 percent
Giemsa in phosphate buffer (pH 6.8-7.0). Data

0007I5<

were taken on chromosome aberrations bascd on
200 well spread cells for each treatment and f_or
the controls. To climinate bias. labels werc dis-
guised until the complete set was scored. A sep-
aration greater than the width of a chromatid was
termed a delction or a break.and a discontinuity
less than the widih of 2 chromatid was termed 2
gap. Mitotic indices were based on 1000 c;lls.
The results are based on four scparate replica-
tions. one cach for cach individual. )
Mutagenicity of 2.4-D was tested on the basis
of sister chromatid exchange (SCE) rates from
various concentrations of 2,4-D in culwrc_d
human lymphocytes. The procedure adopted is
a slight modification of Korenberg and Free
diender'* method. Lymphocytes were cultured
in vials that had a wrapping of black cloth to
protect photosensitive 5-bromodcoxyuridine
(BrdU). Ten ug/ml of. BrdU was added at the
initiation of the culture. This insures BrdU up-
take for iwo cell cycles since thymidine upta{tc
is known not to occur in human dymphocytes in
culture for about 24 hours. Harvesting of cells
after 68-72 hours was by standard procedures.
The air dried siides w ere left in open slide boxes
for 2-3 days in artificial light to improve the
resolution of SCE. The slides were then passed
through 50 percent acetic acid at 37°C for two
minutes and rinsed in distilled water. They were
then gently immersed in phosphate buffer (pH
8.1) at 82-89°C for 12-15 minutes, allowed 10

"/f ~ ﬂ‘ ‘-‘:

q

>

i 4



Rd

DONZ 56473

FIGURE 3 Five sister chrumatid exchanges (SCE) induced in human lymphocy:e cultures.

to the mutagenic cffect of the compound. The
proportion of SCE increased with the increased
concentrations of 2.4-D. The Dunnctt’s multiple
<omgarison test (Table 1) indicates significance
2t cach concentration level from 10 pg/m! and
higher. compared with the controls. There was
no significant difference between alcohol treated
2ng@ untreated controls. The average SCE rates
of 6.14 in controls in this study is quite similar to
those reporied by others. The analysis of variance

Table fl.  Ratcs of sister chromatid exchanges
in human lymphocytes at various concentrations
of 2,4-D
Concentr. (pg/mi)  No.cells  Mean no. SCE

of 24-D cxamined per cell
0.2 9 6.44
10.0 17 9.59+
200 17 9.71=
30 13 10.23*
40 9 12.44=
500 1 12.73
60.0 8 9.25+
ElOH s 7.67
No inj 14 6.14
o’ .22
CD plus EtOH + no inj mean® 9.19
F valued 19.78*=

* Significant at £ 0.05

*= Significant at P 0.01

! Critical difference by which treatmaent group must
excesd control group to be significantly greater ac-
cording to Dunnett’s test

! \Minimum value that is significantly greater than
cont

- of w0 controls)

§ From the analysis of variance of SCE on 2.4-D
concentration: with.7 and 90 Jf. signiflicance at £ 0.01
=254

29K The [onnrnal of Heraditv

incd by-addingentieai diffcrence to mean

beiween trcatments and controls was highis
sigrificant. Nicholas et al.'™® reported @ sigmi-
cunt iacrease of SCE in cultured human lym-
phocevtes at § gg/mi for an organophasphaie.
malathion (a pesticide). Our study clearly ind:-
cate that SCE rates are significantly higher at 10
pg/mior higher concentrations of 2.3-D.

At the lowest cencentrations of 2.4-D (0.2
ue/mi) cross banding patterns similar 10 G bands
were obscrved although the chromosome aber-
ration levels were not significantly different from
the centrois. Mutagens at fow concentrations are
known 1o induce chromosome banding'V. The

. induction of banding may occur by their intcr-

ference with macroprotein bivsynthesis in the G2
phase of the ccll cyele!.

Because of the putential for genctic damage.
concertied cfforts to carcfully test and restrict the
usc of such compounds as 2.4-D is desirable and
timely. 2.4-D is onc of the most widely used
herbicides and consequently it is present (0.001
mg to 0.004 mg) in dictary oils. [ats and sugar
products®. In a U.S. geological survey monitoring
strcams in thc western United States from
1966-68. 2.4-D was to be the most lreyuently
occurring herbicide'®. Qur results indicate sta-
tistically significant increases in sister chromatid
cxchange rates at 10 gg/mi or higher concen-
trations. The chromosome dumage reported here
arc conscrvative estimates since the date were
taken afier 48-32 hours of treatment by which
time severely affected cells may not have sur-
vived. Even though a statistically significant in-
crease in damage to genctic material occurs at
relatively high dusages. the results clearly suggest
caution from indiscriminate usc of 2.4-D and
indicate the nced for further investigation, par-
ticularly on the conscquences of long-term low-
dosage cxposure (such as to the nervous
system).
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Toxicology Program
Deczartment of Animwsl, Cairy, and Vetcrirary Cciences
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Logan, Utah 24322

ABSTRACT
Potentizl respiratory and dermal exposure to spplicators

Wwere estimated in a ground boom spray application of 2,4-D and

dicamba. Time-weighted averages for sirborne herbicide residucs

" did not exceed 2.2 ug/cu.m. in the cabs of application vehicles

allowing only minor respiratory exposure. Dermal exposure was

important as relatively large amounts of 2,4-D (1.2 - 1§ mg) and
licanba (0.32-6.6 mg) were rinsed from applicators' hands. Urine
analysis showed that the maximum elimination of herbicides occur-

red between 16 and 40 h after terminating exposure. A dicamba

*Present address: Pesticide Chemistry and Toxicology Laboratory
Departmert of Entomological Sciences
University of California
Berkeley, CA 94720
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322 DRAPER AND STREET

:womer {2C¢ of the active meterial in the commerciasl formulation)
was excreted in hipgher corcentrations tharn dicambe in applica-
tors’ urine suggesting different toxicokinetic properties for the

two compounis.

ZLTECSLUCTLC!

lLixsures o 2,4~L and Z2icunb: are uscd widely for control of
gontsrue, Cerace tristle, prickly lettuce, uné other noxious
weceds in Lay wnE ¢rass pustures. Ground applicatiorn irs preferred
ag it improves accuracy, minimizes drift of herticides, and
requires less pesticide ir arvas of spurse weed infeststion. Uhe
aCre.ge thus trecsted for weed control is extremely large, parti-
culurly when related to the time-consuming uppiicrtion methods
expleyed. For this remson, uspplicators ray work Lkhroughout a
season on one wwed control project.

Tre otjectives of tliis study were to determine to what
extent Bpp-icators in different job functions were exposed to
2,4=D and dicumba in & "boomspruy” herbicide applicstivn. Expo-
sure was indexed by urine unalyses and the iﬁportance of differ-
ent exposure routes was e¢stimated by measuring airborne residucs

within tke application vehicles end residues on skin surfaces.

The rute of urinary elimination of these compounds was of parti-

culur interest sas preliminary studies on 2,4-D indiceted & long-

! The data obtained in the present study may be

thy process.
useful in evaluuting how exposure to these commercially important

pcaticides can be minimized, & desirable goal in view of the
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potentisl for chronic exposure of applicators at certain tizes of

the year.

Yerbicide Avrovlication.

EXPZRIVZLTLL

Tre application site was g 42 acre,

mixed natural grass pasture in lorthern Utzh teing treated to
eradicate goatsruc (Calega officinalis lg on 15 July, 1920. 2,4-
dichlorophenoxyacetic acid, (2,4-D,dimethylanine salt, 4 lbs
a.i./gal., Universal Cooperatives) and 3,6-dichloro-2-methoxyben-
zoic acid (dicamba, dimethylamine salt, 4 1bs a.i./gal., Velsicol ;
Chemical Co.) were mixed vith water in tank trucks at the rate of q
2.5 and 1.0 gal/209 gal.,
fitted with boon jet nozzles, applied the herbicide mixture in 17
m swaths. VWhere the terrain was impassable (e.g” irrigation
ditches or wet areas) workers applied the pesticides on foot
using hand guns fed from the truck tanks.

Each truck was operated by a driver and a sprayer. Sprayers
were responsible for all herbicide mixing, loading, and hand-
spraying. One crew (operating vehicle A) had not been exposed
recently, but the other crew (cperating vehicle B) had been
vorking for several veeks on a daily basis with this herbicide
mixture. Approximately 5.5 h was required to complete the appli-
cation. Crew A did not apply pesticides again during the course

of the experiment while crew B continued regular daily spraying

of this mixture.

respectively. Two tank trucks,

0607964
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324 DRAPER AND STREET

Sampling. High-volumc air samplers wcere mounted in the cab of
each truck near the applicator's breathing zore to continucusly
monitor airborne recsiducs. Ctaplex Podel TF1A samplers drew air
through an adsorption train comsisting of & glass fiber filter
{outermost) and approximetely 120 ml of preextracted XAD-{ mazcro-
reticular resin in a 1.8 cm bed. Paurticulates werec trapped with
the gluss filter end vapors were sorbed in the resin. Flow rutes
were culibrated using instruments supplied by the manufacturer.
At the completion of the herbicide applicution, dermal resicues
on the hands of workers were removed by thorough rinsing with 95%
ethyl alcohol. First void urine samples were obtained on the
morning prior to the experiment and on each morning for three
dsys following the initial application. Urine specimens, hand
rinse solutions, glass fiber filters, and XAD-4 resin were stored
in gluss j#rs with metal foil liners at -50 C until chemicsgl

analysis.

Analysis. Urine samples vere analysed with a multiresiuue

2

procedure described in detail elsewhere®; samples were subjected

to hydrolysis, acid/base partitioning, derivatization with ether-

eal diazomethsne, and quantitated by e¢lectron capture gas chroma-
tography (EC-GC). 2-(2,4-dichlorophenoxy)-propanoic acid (2,4-DP,
0.10 mg/L) was added initiully to each sumple as an internal

standa;d. Calibration was by internal standard between the limit
of detection (0.060 mg/L) and 0.2 mg/L and bx absolute calibra-

tion for the more concentrsted samples. The presence of the

00073965
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Lherticide components irn severul of the urine

by GC-couples mass spectrometry (UC-KC).C

.
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Cluss Tiber filters were
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somples wis verified

Lrinary creutinine was

extractcd with ocetone forr ! L iz o

scxhlet apparatus &nd the extruct was reduced just-to-dryness on

2 rotary evaporator.
diazometiane, concentrated

diluted with hexwne before

The resicue

was derivatized with ethereci

under ¢ stream of dry nitrogen, urd

-
=

~
-~

-GC quantitation.

X1D-4 resin was

Coxhlet-extructed with acetone for 4 h and the residue of the

concertreted extract wus suspended in 50 ml of diethyl ether and

extructea with 25 ml of 0.05 I! sodium hydroxide and 2 x 30 ml of

4, sodium bicarboncte.

The agueous layer w&s acidified with

coencentrated hydrochkloric acid and extracted with 2 x 50 ml of

diethyl ether.

concentrated, derivatized, and gquantitated as above.

The ether layer vas dried (sodium sulfate),

Cthanolic hand rinse solutions were concentrated, deriva-

tized, and diluted with hexane before EC-GC analysis.

Dicamba

and 2,4-D were recovered in high yield after flash evaporation of

the solvent.

Two dimensional thin-layer chromutography (TLC) was used to

examnine airborne residues.

Methylated extracts were spotted on

2C x 20 ca fluorescent silica gel plates and developed in benzene

on one axis and hexsne-diethyl ether (9:1,

axis.

Dicamba formulution analysis.

fractionated as follows:

v/v) on the second

Spots were visualized by queanching of UV light.

The dicuita formulation was

2 ml of the 49% amine salt were dissol-
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326 DRAPER AND STREET

ved in 50 ml of C.C & ;odiun hycdroxide, extracted with [ x 40 =i
of Giethyl ether (orgsnic layer discaried), acidified, exsirzcted
Sith 2 x 50 ri of methylene chloride, wund the crganic layer
corcentrated tc give & yellow 0il. The o0il wasc esterilicd with
55 mi of ethereal giazomethune, 2ngéd 2.7 ¢ of the methyluted
mzterial wus scparzted on.a 3C x 2.5 or CilicaR (100-20C mesh)
cclumn with benzene as the eluant. The isolzted coxapenerts ser?
chzructerized by muss spectrometry and protof magnetic rescrance
spectroscopy (LiK). KFE spectra were reccrded on & Joel FXSG3,
9C mliz, Fourier transform instrument with 1< tetramethylsilane &s
trhe internal reference.

analytical reference standards of 2,4-L and dicambs were
provided by the Juality Assurance Section, U.S. Environmental
Protection Agency (Research Triangle Park, 5.C.). Pesticide
residue grade solvents were used and diszometlhane was prepared ty
alkalinc hydrolysis of N-methyl-H-nitroso-p-toluenesulfonamide in
& distillaticn apparatus designed for this purpose (Aldrich Che-

mical Co.).

ETSULTS ALD DISCUSZION

Dicanba Formulation. The preparative-scale fractionation of

the formulated dicamba product yielded two major components:
methyl dicamba [MS(70eV) m/e 203 (base, CgligCly0,, 234 (204, K<),
188 (302, CqHaC1,50,); MR {CIClz) d 7.36 (d,1.02, phenyl,

J=8.79iz), d7.10 (d,0.978,phenyl1,J=5.79liz),d3.96 (s,2.99,CC5Clix),

00079677
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d 3.91(s,3.01, OCHB)] and a methylated isomer of dicamba [KS(70
eV) m/e 203 (bdase, Cgli5C1,0,), 234 (305, K+), 188 (303,
C7H2C150,), 173 (20%), 201 (60%); NKR (CDC1s) d 7.67 (d, 0.934,
phenyl, J=Z.64 Hz), d7.53 (d,0.867, phenyl, J=2.63 Hz), d3.922
(s,2.88, CGOCis), d3.916 (s,5.30,0CHy)]. The isomer vas more
polar than dicamta exhibiting a mobility of 0.8 (relative to
dicemba) on TLC plates developed in benzene. FKass spectra of
both methylated compounds were similar, but the NKR spectrs
showed major diffcrences. The aromutic protons of the isomer
were further downfield by 0.27 ppm and they exhibited meta spin
coupling constants (J=2.6Hz). These spectral data indicate that
the contaminent differed from dicamba only in the pattern of
aromatic substitution. These findings are consistent with that of
3,5-dichloro-2-methoxybengoic acid, a contaminant previously

reported in formulated dicamba.® Based on a gravimetric deter-

mination, the present formulation contained dicambdba and its iso-

mer in 2 5.0:1 ratio.

Airborne Re'eidues. Herbicides vere detected in air samples
taken i:naide the truck cabs. Total time-weighted average concen-
trations were 0.71-1.8 ug/cu.m., C.18-0.65 ug/cu.n., and 1.2-2.2
ug/cu.m. for dicamba, dicamba isomer, and 2,4-D respectively. In
each case the aaj-ority of the pesticide was trapped in the glass
fiber filter indicating that aerosols and not true vapors predo-
minated (Table 1).

The glass fiber filters used exhibit "good™ trapping effi-

ciency for particles in the range of 0.01 to 10 um (Staplex Co.
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S 328 : DRAPER AND STREET APPLICATOR EXP
24BLE 1 : -
B Lirborne Herbicide Residues in Application Venicies (ug/cu.m.) g
Cless Fiber Filter Resin x
Campling ---==--e-cccresememcmnce cemesemccccmee—cosc o f ~
Vehicle interval Dicamba Isomer 2,4~D Dicamba Isomer 2,4-TC .
k wn
£ A(a) 4C min c.L9 0.24 1.7 0.24 (v) 0.0%(¢) Py
A 140 .29 0.07 0.4 0.04 <0.C1 <0.01 | -
I+ ]
B 4 69 1.10 0.35 2.5 .18 (v)  <0.02 o<
B(d) 65 1.80 {b) 2.0 0.27 0.0¢& 0.27
: B 9y 0.74 0.28 1.3 0.19 (v) <0.03 FIGURE 1. &-
in &pplicato:
B ) 5.8 1.5 5.5 0.33 0.10  0.33 ) .
. a. Sumpler flow rate, 0.71 cu.m./min.
b. Date not evailable. Table 2)
Y ¢. not detected (i.e., below the estimated detection limit Table 2). Cn
3 of 1.0 ug/resin sample). T

d. Sampler flow rate, 0.37 cu.m./min. and 0.75 mg of

- were epproxima:
product literature). Dicamba appeared more volatile than 2,4-D mixing, lozdin

- .
&s greater amounts were present in the XAD-4 resin. The amine Sprayer E exhit

salt formulations studied here are generally less volatile than 7 times that o:

. . .. ttri
low molecular weight ester formulations of these herbicides. vere attritutec

Airborne herbicides quantitated by EC-GC were confirmed by the number of t

two-dimensional TLC followed by GC-MS analysis of the eluted win during the

bunds (Figure 1). The eir samples contained a large number of UV- ] Sprayer A stopr

quenching (aromatic) compounds as well; these conmpounds were Sprayer B only

probably of natural origin. with vhich resi

known, nor is t

Dislodgeable Dermal Residue. Herbicides verevdetected at absorption of r

0

relatively high levels in the ethanolic hand rinse solutions ) éid applicators

0607965
D-H133

4636

R ik 1
»

L4
T y 3
:: £ 3
o -
P e
A
‘II'E
%
i
: 3
I




JRAPER AND STREET

es (ug/cu.o.)

Isomer 2,4-L
(v) c.0%(¢)

<0.Ct <C.01

(v) <0.02
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FIGUEE 1. Airborne herbicides znd naturzlly-occurring compounds

in applicator’'s breathing zone.

(Table 2). On the average, 2.5 mg of dicamba, 7.5 mg of 2,4-0
and 0.75 mg of dicambs isomer were dislodged. Dermal residues
were epproximately 5 times greater for the sprayers involved in
mixing, loading, and spraying functions than for the drivers.
Sprayer B exhibited the highest dermal residue, a quantity almost
% times that of Cprayer A. liigher dislodgecable dermsl residues
were attributed to the use of the hané spray gun and not

the number pf tank mixings. Sprayer B used the gun for over 70
min during the study period while Sprayer A only logged 5 min.;
Sprayer A stopped to mix and losd the tank three times whereas
Cprayer B only performed this function twice. The efficiency
with vhich residues were washed from the skin with ethanol is not
known, nor is the impact of this procedure upon the subsequent

absorption of remaining residues. At no time during the study

did applicators wear protective gloves. Field inveﬁtigators
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Table 3.

Herbicide Concentrations in the Urine of Exposed Wcrxers (mg/L).

Dicamba
Subject Sample Dicamba isomer 2,40
Lriver A Prespray 0.065 {a) 2.12
24 h 0.50 0.47 1.0
43 h 0.47 0.63 1.2
72 h 0.37 0.29 1.1
Sprayer & Prespray (a) (a) (a)
24 h 0.33 0.52 1.%
46 h 1.4 1.7 2.8
72 h 1.0 1.5 2.6
Driver E Prespray 0.83 0.78 1.8
24 h 1.7 2.2 4.1
48 h 1€. 15. 20.
72 h 5.3 6.6 E.8
Sprayer E Prespray 1.6 2.2 4.0
24 h 1.0 1.3 2.6
48 h 4.1 7.0 12.
72 b 3.1 3.7 7.3

{a)kot detected (detection limit 0.060 mg/L).

was 1.2:1 (dicamba isomer:dicambs); which represents a nearly 6-
fold magnification of the isomeric impurity in relation to
dicamba. It is clear from the data that there is a major
differeace in the toxicokinetic properties of the two dicamba
isomers. The ratio of dicamba to its isomer remained relatively
constant in successive urine sampies (Fignre 2) suggesting that
the rates of distribution {after uptake) and of renal elimination
are sinila; for these isomers, but that dermal uptake rates may

differ considerably. Differences in uptake rates for dicamba

~ . 4638
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FICUEE 2. Urinary elimination of herbicides on three cornsecutive
days after a single herbicide application; Driver A (left) and
Srayer 4 (right). P represents prespray and numerals indicate

24, 48, and 72 h samples; consecutive bars represent dicamba,
dicamba isomer, and 2,4-D, respectively.

isomers may be related to polarity differences noted above.
These preliminary findings indicate the need for more detailed
toxicokinetic study of these cozpounds.

Several of the urine samples were subjected to CC-KS analy-
sis. Computer reconstructed, single-ion chromatograms were gen-
erated for dicamba (m/e 234, 203, and 188) and 2,4-D (m/e 234,
199, 175, and {61) and in each case the retention times and

relative intensities of the diagnostic ions were consistent.

Estimating Absorbed Dose. Chlorophenoxy acid herbicides are

excreted largely unmetabolized in the urine of animals® and the
urinary levels are well correlated with the rates of exposure.6'7
For these and related compounds the total of residues eliminated

in the urine is approximately equivalent to the absorbed dose.
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The creatinine index method was used to extrapolate the results
of the analysis of first void urines (Table 3) to obtain an
estirate of the duily urinary elimination (Table 4). The method
is bused upon the assumption of an average creatinine index value
(creatinine elirinated/kg/24 h).> Although the creatinine index
method used permitted only approximate urine volume estimates,
the technique may be enhunced in accuracy by allowing for dietary
variation in creatine ingestion and utilization of mathematic
modeling of creatinine excretion.9
Ehe absorbed dose received by Driver A (estimated from the
urinary elimination) was 1.3 mg of dicamba, 1.4 mg of dicamba
isomer, and 3.2 mg of 2,4-D. For sprayer A his totai urinary
elimination in 72 h was 3.9 mg of dicamba, 5.2 mg of dicamba
isomer, and 11.5 mg of 2,4-D. These data somewﬁat underestimated
the absorbed dose, as low-level urinary excretion continued even
after 96 h. This approximation of dose absorbed was not approp-
riate for applicators in vehicle B as they continued to spray the
herbicide mixture on subsequent days. The preferential uptake of
dicamba isomer is evident from these data. There may have been
some enrichment of 2,4-D relative to dicamba in those urines as
well, although the effect was only on the order of 1.2-

1.5 to 1.

Respiratory vs. Dermal Exposure. The following assumptions

wvere utilized to estimate potential inhalation exposure:

tidal volumes were 1.0 L/inspiration, breathing rates were 15
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73 kg except Driver A who weighed 80 kg.

a. !tiinntiono based upon an average creatinine coefficient of 21 mg/kg/24 h; subjects weighed
b. not determined.

c. Eetimated from 3-day mean urine volume.

inspirations/min, and airborne residucs (total of vapor and aero-
sol) were considered to undergo quantitative dcposition in the
upper respirastory tract and were thus equivalept to oral expo-
sure. The breathing rate used in this approximation is typical of
light to moderste exertion. For vehicle 4, the estimated maximunm
inhialed doses during the 5.5 L application did not exceed 1T ug
of either herbicide. The data in Table 5 represent exposures on a
ug/kg basis.

Respiratory exposures were extremely small in comparison to
the absorbed doses approximated by the overgll 72 h elimiration
in urine. The dislcdgeable dermal residues, however, vwere of the
same magnitude as those eliminated in the urine, which emphasizes
the importance of dermal exposure. Although the assocciation
between de;mal exposure and the absorbed dose is unequivoéal, it
is difficult to interpret these data in detail. The high level
of dicamba isomer excreted indicates that the total herbicide
residue on the applicator's skin may have been much greater tkan
that determined with the ethanol rimse procedure. Thé absorbed
dose is frequently approximated as 105 of the applied dermal
dose, although this relationship was developed with pesticides
other than these water-soluble herbicides.'© However, data from
our laboratory on the Aernnl absorption of 2,4-D from a aixture
of formulated 2,4-D- and dicamba~ (2.5:1) smine salts applied to
guinea pig skin indicated.approxinately eighty-five percent up-

take in 24 hours (based upon recovered chemical on skin cvabs)J
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TABLE 5

Potential Respiratory Exposures, Dermal Residues, and Eastimated
Absorbed Doses (based upon team in vehicle A) .

Potential respiratory Dislodgeable dermal Estimated absorbed

exposure (ug/kg) residues (ug/kg) dose (ug/kg) (a)
Sample Dicamba Isomer 2,4-D Dicamba Isomer 2,4-D Dicamba Isomer 2,4-~D
Driver (b) 0.055 0.015 0.080 12 2,2 46 16 16 40 ;
Sprayer (c) 0.060 0.016 0.088 k) 9,2 100 53 71 160

a. Total residues eliminated in the urine in 72 h/subject weight.
b. 80 kg
c. 73 kg
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CCLCLUT1G:

Applicttor exposure occurs during boom-spray applicatiorns,
but in this s;udy the majority of exposure was associated with
the use of hand spraying equipment. Individuals invoived in
spraying, mixing, and loading were subjected to significantly
greater exposures than the vehicle drivers. Respiratory exposure
was estimated to be minor due to the relatively low airborne
herbicide concentrations. Exposure of the skin accounted for the
majority of the absorbed dose.

Urinary elimination following a single spraying session
occurred cver several duys and reached a maximum 48 h after the
onset of exposure. 7The prolonged urinary elimination of thesc
herbicides indicutes that the body-burden of these compounds
would increase over the span of a five day work week. Following a
single day's vérk, the estimated absorbed dose was 53 ug/kg of
dicamba and 160 ug/kg of 2,4-D. An isomer of dicamba, a contamin-
ant in the formulation, wss apparently absorbed preferentially
as its rate of elimination in urine exceeded that of dicamba.

De;pite minimal protective measures, the exposures experien-
ced in this study were low compared to any known measure of
toxicity of these herbicides. For example, oral LDgg values for
2,4-D and dicamba in the.rat are 375 and.1040 mg/kg, respective-
ly.” The impuact on the huma; health of weed spray crews of iov-
level chrodic or sub-chronic pesticide exposure to such pesticide

chemicals is poorly understood.
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These estineted exposure valucs are notably grester than those

obscerved in similar studies of workers involved in uerisl forest

aprlicetions (bo:h‘}round rersonnel snd pi]ots)’z erd in ground

anc aserial applications o wheat fields.'” While those observa-
tions showed, sz did ours, that the job task itself is a major
factor affecting worker exposure, the meximum values were consi-
derably lower than those reported herc. FHixer-loaders in the
forestry study had urinzry residues totalling 0.028 to 0.0%6
mg/kg body weight; their counterpart workers in the wheat study
were reported as having ebsorbed 0.020 mg/kg.m"3 In this
study, sprayer A (with no previous exposure) excreted J3.16 mg/kg
and spruyer B excreted 0.54 mg/kg. Use of impermeable gloves
during handspreying and cixing/loading could have minimized the

major factor contributing to the exposure we observed.
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Effects of Pesticides on the Kidney
Jerrv B. Hookbund Victoria C. Serbid

Center for Environmental Toxicology, Michican State University,
East Lansing, Michigan 48824

The mammalian Kidney is a dvnamic and complex organ. Ex-
cretion of wastes is a primary function. but the kidney also plays a
signiticant role in the regulation of total body homeostasis. Regu-
lation of extracellular volume and control of electrolyte and acid-
base balance are important renal functions. The kidney is the major
site of formation of hormones that influence systemic metabolic
functions: ervthropoietin is a potent stimulus to ervthrocyte for-
mation: the relatively inactive 25-hvdroxy-vitamin D, is metaboli-
cally activated (o the active 1.25-dihvdroxv-vitamin D renin. the
trigger to the formation of angiotensin and aldosterone. is formed
in the Kidney: and recent evidence indicates that the kidney produces
several vasouactive prostaglandins and Kinins. A toxicological insult
to the kidney trom pesticides or any other chemical could aftect any
or all ot these functions. The susceptibility of the kidney or any
other organ to toxic insult as well as the methods used to assess
anv alteration in tunction of that organ are important factors in
determining the degree of toxic etfect. it any. caused by a chemical
(27N.

A great deal ™t descriptive data are available concerning the effect
of pesticides on the kidneys. [n this review. however. rather than
provide an exhaustive list of pesticides and their etfects on the
Kidnev. we will discuss three specific chemicals that illustrate key
points concerning nephrotoxicity and pesticides. These three com-

6/




62 EFFECTS OF PESTICIDES ON THE KIDNEY

pounds—1.3-hexachlorobutadiene (HCBD), 2.4.5-trichlorophen-
oxyacetic acid (2.4.5-T), and 2.3.7.8-tetrachlorodibenzo-p-dioxin
(TCDD)—produce effects that describe the gamut of changes in
renal function observed after pesticide exposure. i.e.. direct tissue
damage. physiological alteration with no tissue damage. and indirect
biochemical effects with subtle morphological changes seen only
with electron microscopy. We will also discuss the renal effects of
another environmental pollutant. the polybrominated biphenyls
(PBBs). Although not pesticides. PBBs are close chemical refatives
and represent another type of potentially hazardous mixture.

UNUSUAL SUSCEPTIBILITY OF THE KIDNEY
1O CHEMICALS

As a consequence of its normal function. the kidney is susceptible
to the noxious etfects ot many chemicals in the blood (27). Renal
blood flow is quite high: the two kidneys together receive about
25% of the cardiac output. Approximately one-third of the plasma
water reaching the kidney is filtered: from this material approxi-
mately 98 to 99% of the salt and water is reabsorbed. Maintenance
of normal function requires delivery of large amounts of metabolic
substrates and oxvgen to the kidney. Because of the high blood
flow, any chemical in the circulation will be delivered in relatively
high amounts to this organ. As salt and water are reabsorbed {rom
the glomerular filtrate. the materials remaining (including the po-
tential toxicant) in the urine may be concentrated in the tubular
lumen. Thus. a nontoxic concentration of a chemical in plasma could
become toxic in the kidney subsequent to concentration within the
urine (Fig. ). Furthermore. a chemical reaching the kidney might
be concentrated in the cells by other mechanisms. If the material is
actively secreted into the tubular urine, it will first be accumulated
within the cells of the proximal tubule, thus exposing these cells to
very high concentrations of the agent. which could produce toxicity.
Similarly. a material that is reabsorbed (even by passive means)
from the urine into the blood will pass through the cells of the
nephron in a relatively high concentration. In addition. the kidney

. 4648
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FIG. 1. Scheme ol renal handling of a chemica! (D). If material is filtered. its con-
centraunon in tubular fluid will rise as salt and water are reabsorbed. It may then ditfuse
down its concentration gradient into the blood. The chemical may be secreted into
the tubuiar cell from the blood {(may even be removed from protein binding sites) and
into the tubular fluid. The chemical may enter the cell and be metabalically altered
(0 — X\

is expuosed to chemicals in another unique tashion. Binding of chem-
icals to plasma proteins may protect most cells of the body from
the potential toxic action of these compounds. However. if a com-
pound is actively secreted by the nephron. it can be removed from
plasma binding sites and transported into renal tubular cells and into
the tubular urine. Thus. although other cells of the body may be
protected by protein binding. the renal cells might be exposed to
these potentially toxic molecules or ions (Fig. 1).

The renal medulla is unique in relation to the nephrotoxicity of
chemicals. Since only about 10% of total renal blood tlow enters
the renal medulla. relatively less drug or chemical might reach this
region via the blood than would enter the cortex. However, any
chemical in the tubular urine will pass through the loop of Henle
and the medullary collection duct. exposing the cells of the medulla
to high concentrations. In addition. the countercurrent mechanism
within the medulla and the relatively low blood flow may trap
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FIG. 2. Left: Sagittal section ol a mammalian (human) kidney is illusirated in lower left. A, renal arlery; V. renal
vein; 1, minor calix; 2, lat in sinus, 3, renal column of Bertin; 4, medullary ray; 5, corlex; 6, pelvis; 7, inlerlobar artery;
8. major calix; 3,ureter. insen (a) lrom the upper pole of the kidney is enlarged lo illustrale the relationships between
the nephrons and the vasculature. Right: Analomy ol a juxtamedullary nephron. Note the demarcation belween
cortex and medulla. 1, glomerulus; 2, proximal convoluted tubule; 3, proximal siraighl lubule (pars recla); 4, de-
scending limb of the loop of Henle; 5, thin ascending limb of the loop of Henle; 6, thick ascending limb of the loop
of Henle; 7, distal convoluted tubule; 8, collecling duct. (From Hook, rel 27, reprinted with permission of Macmillan

Publishing Co.)
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compounds. turther leading to the development of relatively high
concentrations { 14,67,

ASSESSMENT OF RENAL FUNCTION

The anatomy of the Kidney is most appropriately based on the
functional unit of the Kidney. the nephron (Fig. 2). The nephron
may be considered in three portions: the vascular element including
afferent and efferent arterioles. the glomerulus. and the tubular
element. All nephrons have their primary vascular elements and
glomeruli in the cortex. The proximal convoluted tubule is localized
in the cortex and sends the pars recta (straight portion) of the prox-
imal tubule and loop of Henle deep into the substance of the kidney.
Those glomeruli close to the medulla (juxtamedullary glomeruli)
are associated with nephrons that send their loops of Henle deep
into the medulla. Other glomeruli closer to the surface of the kidney
often form nephrons whose loops of Henle are contained within the
cor.ex. The relative proportion of nephrons with long versus short
loops varies with species (67). '

When attempting to evaluate the effect of chemicals on nephron
function. it must be realized that the nephron operates with these
three separate components functioning in series. The vascular com-
ponent delivers blood to the nephron. The glomerular component
is a membrane through which fluid and selective solutes are filtered.
The tubular component reabsorbs the filtrate and secretes materials
into the tubular urine. Since these elements are arranged in series.
it is difficult to isolate an initial lesion when the kidney has been
damaged. For instance. if tubular function is monitored by meas-
uring urine volume and composition. increased volume and de-
creased osmolality might result from chemical exposure. Such an
effect could be due to direct damage to tubular cells, altering their
ability 1o reabsorb constituents of the tubular fluid. On the other
hand. such an effect could be secondary to glomerular damage.
causing an increased permeability. leading to excess filtrate entering
the tubule exceeding the reabsorptive capacity (59). Alternatively.
a constrictor effect in the vasculature could decrease delivery of
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nutrient to the tubule, limiting tubular function resulting in increased
urine volume. In the same example. the initial event could be se-
lective vasospasm leading to redistribution of blood within the kid-
nev. An increase in medullary biood tlow would dissipate the renal
medullary hypertonicity leading to increased urine volume. Con-
versely. if the effect of a suspected nephrotoxicant were monitored
by evaluating blood chemistry, an increase in blood urea nitrogen
tBUN) and plasma creatinine might be observed. Such an ettect
could be due to the formation of crystals occluding lumens and
preventing excretion of waste material. Altematively. increased BUN
could be due to selective damage to the glomerulus or vasospasm
of renal blood vessels {2).

The toxic etfects of chemicals may be evaluated in vitro by di-
rectly adding the agent to the preparation or following administration
to the animal (2). This allows a distinction to be made between an
effect on the kidney due to direct chemical insult and secondary
effects such as those subsequent to metabolism or vascular effects.
The renal cortical slice technique has been used extensively to eval-
uate the influence of nephrotoxicants on the secretory transport ot
organic anions such as p-aminohippurate (PAH) and organic cations
such as .V-methylnicotinamide (NMN) or tetraethylammonium (TEA)
(1.31). Attempts have been made to evaluate transport in a reab-
sorptive direction using the nonmetabolized amino acid analog a-
aminoisobutyric acid and the nonmetabolized sugar a-methyi-o-
glucoside. [n addition. the ability of the kidney to produce ammonia
and glucose from added substrates can be quantified in vitro and
can provide more specific information about metabolic alterations
produced by a nephrotoxicant (31). Isolated tubular preparations
may be employed to evaluate the influence of chemicals on selected
areas on the nephron. Micropuncture and microperfusion techniques
have also been utilized in attempts to identify specific loci and action
of nephrotoxicants (59).

Histopathological examination of tissue can demonstrate struc-
tural changes that have occurred in response to chemicals and can
often identify selected areas that have been affected. For instance.
light microscopy cun demonstrate the papillary necrosis produced

D-vy45 4652
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by nonnarcotic analgesies (38) and can isolate the proximal tubular
damage induced by mercury and other heavy metals (65). Histo-
pathology will often show that an injury has occurred even in a
situation in which function is not noticeably altered. The use of
standard light microscopy can also provide information concerning
the appearance in the tubule of protein casts of sloughed brush
border. and crystals or stones in the kidney and urine. Very elegant
experiments have been conducted using microdissection techniques.
Following nephrotoxic insult. entire tubules have been carefully
dissected and specitic areas of damage have been identified by light
microscopy (4). Many histochemical techniques are also available
to evaluate renal response to poisons. Electron microscopy provides
information concerning subcellular localization of tubular injury.
Changes in mitochondria can very easily be identified. as can al-
terations in other orgunelles. Electron microscopy has been exten-
sively employed in efforts to understand the changes in glomerular
structure that might account for changes in permeubility following
nephrotoxicant exposures (5).

HCBD

HCBD is an industrial liquid often found in association with
hexachlorobenzene as an industrial by-product in the manufacture
of perchlorethylene (39 44). It has been suggested to be potentially
useful as an insecticide. a herbicide. a fumigant. a bactericide. and
an algaecide (3) and it has been used as a fungicide (17). Currently.
it is thought to be widely dispersed in the environment. especially
along the Mississippt River (43 .44). The kidney appears to be the
organ most sensitive to the toxic effects of HCBD (23.40.45.57).

HCBD has been shown to have direct nephrotoxic eftfects: it pro-
duces damage directly to the Kidney and in high doses may produce
acute renal failure. Renal toxicity in the form of an increase in the
kidney-weight/body-weight ratio as well as renal tubular degener-
ation. necrosis. and regeneration has been observed in rats receiving
30. 65. and 100 mg’kg of HCBD for 30 days (40). Renal tubular
damage in the rat was also observed following inhalation exposure
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(21) and after dermal application in rabbits (16). Histological ex-
amination of the kidneys 24 hr after a dose of 100 mg/kg of HCBD
revealed a discrete band of damage to the straight portion of the
proximal tubules in the outer stripe of the outer medulla (4577 This
localization of the lesion to the pars recta or straight portion of the
proximal tubule is very characteristic of the renal damage produced
by HCBD.

The functional characteristics ot nephrotoxicity of HCBD in the
rat are similar to those procuced by several other well-known direct-
acting nephrotoxicants such as mercury and chromium (21). In-
creases in urine volume. proteinuria. and an increase in excretion
of V-acetyl-B-p-glucosaminidase and alkaline phosphatase have been
observed at doses about 100 mgikg HCBD in the rat (43). Only
proteinuria was observed at doses less than 100 mg:kg in the rat
(45). Ingestion of 2 mg-kg/day for up to 2 vears cauused lesser degrees
of toxicity. i.e.. increases in urinary excretion ot coproporphyrin
and renul tubular hyperplasia (41). Rats ingesting 0.2 mg kg day
HCBD for up to 2 vears apparently had no adverse effect fro
HCBD (40). ‘

HCBD has been shown to alter the renal transport of organic ions
(3.45). In the rat. administration of HCBD markedly inhibits the
transport of the organic anion. PAH. by renal cortical slices (45).
Transport of organic cations. as measured by tetraethylammonium
uptake into slices. is not inhibited. Lock and Ishmael (45) compared
this inhibition of the ion transport systems to the effect produced
by mercuric chloride and found that mercuric chloride inhibited both
the organic anion and organic cation transport systems. As both
organic ion transport systems are located in the proximal tubule.
this has been interpreted to suggest that the site-specific lesion of
HCBD is well localized in the rat to the major site or sites of the
organic anion transport system (3.43). Interestingly. in mice the
effect of HCBD on the two transport systems is the same. i.e.. both
are inhibited and to the same degree (Hook and Lock. unpublished
observations). This suggests that the separation of the organic anion
and organic cation transport systems in the proximal tubule and/or
the effect of HCBD on one or both of these processes is species-
specific.

D-4750 4654
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The biochemical mechanisms of the nephrotoxic effect of HCBD
is unknown. Recent studies by Lock and Ishmael (463 suggest that
the compound might be metabolically activated to some reactive
itermediate prior o inducing nephrotoxicity. These conclusions
were based on the observation that the increase in BUN produced
by HCBD wus magnified after the administration of Aroclor 1254,
a known inducer of several hepatic and renal drug metabolizing
enzyme systems. However. the nephrotoxicity of HCBD was not
blocked by SKF-525A. an inhibitor of hepatic mixed-function ox-
idase enzyme systems. Thus. the evidence is far from clear con-
cerning the necessity of metabolic activation prior to the nephrotoxicity
of HCBD. In fact. Hook and Lock (unpublished observations) used
a wide variety of enzyme inducers and inhibitors and failed to find
evidence for metabolic transformation of HCBD prior to the neph-
rotoxicity.

Along this same line. HCBD has been found to produce depletion
of nonprotein sulthydryl (NP-SH) concentration (mainly in the form
of glutathione) in the liver but not in the kidney (46). In view of
the role of glutathione in the protection of hepatocytes and renal
tubular cells from electrophilic attack by alkylating metabolites and
the sensitivity of the kidney cells to HCBD. it would have been
expected that the NP-SH would have been depleted in the Kidney
rather than in the fiver. Kluwe and Hook tunpublished observations)
found glutathione depletion in the Kidney of mice following HCBD
administration. The conflicting data suggest that the lack of effect
on rat kidney may reflect the site specificity of the lesion rather
than an inability to reduce glutathione concentrations. It is also
possible that in the rat. a glutathione-HCBD conjugate is formed in
the liver. which is taken up into the bioodstream and produces
toxicity in the Kidneyv.

2,4.5-T

2.4.5-T is an organic acid that possesses the property of regulating
plant growth at low dosages and killing plants at high dosages. It
has been widely used. since the early 1940s. for such things as
inducing coloration in fruit. as a fruit set and antidrop agent. for
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brush control, and for control of aquatic and herbaceous land plants
(18). 2.4.5-T is prcpared by reacting the sodium salts of trichlor-
ophenol and monochloroacetic acid. One of the side products of the
reaction is a tetrachlorodibenzo-p-dioxin. which is a highly toxic
substance. Present manufacturing procedures are designed to remove
this impurity.

In direct contrast to HCBD. most evidence suggests that 2.4,5-
T is not highly toxic in animals. This low toxicity is apparently due.
in part. to its rapid excretion via the kidneys. Essentially all of the
2.4.5-T is absorbed into the body and excreted. unchanged. in the
urine of humans (22) and rats-and dogs (60). 2.4.5-T is more toxic
to dogs than to rats. Piper et al. (60) dernonstrated that the rate of
renal excretion of 2,4.5-T was greater in rats thuan in dogs and
suggested that this difference could account for the differences in
toxicity. Hook et al. (28) used an in vitro technique to demonstrate
that 2.4.5-T is actively transported by renal cortical tissue of the
rat and dog. They suggested the primary route of elimination of
2.4.5-T to be active secretion of the compound. The greater ability
of adult rat tissue. as compared to dog tissue. to transport 2.4.5-T
was offered as the explanation for the shorter biological half-life of
2.4.5-T in the rat. However, the prolonged plasma half-life of 2.4.5-
T in dogs (77 hr) indicated that factors other than secretion into the
urine are important determinants of elimination in the dog. In a
subsequent study. Hook et al. (29) observed extraordinarily low
renal clearances of 2,4.5-T. less than 1% of the clearance of inulin.
Although clearance was increased somewhat by alkalinizing the
urine (therefore indicating some reabsorption of 2.4.5-T) the data,
nevertheless. suggested that most of the 2.4.5-T in urine remained
in the urine and was not reabsorbed. Since 2.4.5-T is highly bound
to plasma protein. little would enter the urine by filtration and the
low clearance suggested that. in contrast to transport in vitro. little
2.4.5-T was seecreted in vivo. Subsequently they demonstrated a
correlation between plasma protein binding and the-rate of secretion
(29). Classic renal physiology suggests that a compound may be
secreted even if it is bound to plasma proteins. Between 80 to 90%
of PAH. for instance. is bound to plasma proteins and yet it can be
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completely extracted from the plasma perfusing the cortex (56).
Thus. the aftinity of the kidney for PAH and tor other anions is
ereater than that of the binding sites of the plasma protein. In this
study. however, the addition of plasma to renal cortical slices sig-
nificantly enhanced accumulation of PAH and simultancously de-
pressed the transport of 2.4.3-T. This strongly suggests that 2.4,5-
T is indeed more tighty bound to plusima proteins than to kidney
and thus provides a plausible explanation for the low clearance of
2.4.5-T in the dog (29).

The acute effect of 2.4.5-T on renal function is minimal. Although
Courtney et al. (7) reported a high incidence of cystic Kidney,
enlarged renal pelvis. intestinal hemorrhage. and lethality in rat
fetuses maternally treated with up to 46.4 mg/kg of 2.4.5-T. sub-
sequent studies (8) suggested that these nephrotoxic effects were
caused by the presence of the impurity 2.3.7.8-TCDD and not by
2.4.5-T.

Hook et al. (28) demonstrated that 2.4.5-T inhibits the transport
of an organic anion like PAH but does not influence the transport
of an organic cation. The mechanism of this inhibition of the organic
anion secretory process by 2.4.5-T is thought to be competitive
inhibition. In general. active transport in biological systems may be
regarded as substrate penetration through a membrane against an
electrochemical gradient caused by a process that requires cellular
metabolic energy. Interaction of the transported substrate with a
cellulur receptor molecule(s) is implicit in the concept of active
transport (12). The interaction of substrates with tinite numbers of
receptor molecules conters characteristics on active trunsport sys-
tems that may be used. in part. to define substrate movement as
active. Thus. active transport systems would be expected to exhibit
saturation kinetics. substrate specificity. and competition of sub-
strates for transport (11.66). It follows that inhibition of PAH se-
cretion by 2.4.5-T is competition between two similar substrates
for the same transport mechanism. Hook et al. (28) used kinetic
analysis of in vitro transport data to confirm this competitive inter-
action.
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This explanation of the mechanism of the 2.4.5-T effect on the
kidney may be oversimplistic. Koschier and Berndt (42) found that
following 2.4,5-T administration. inhibition of 2.4.5-T and 2.4.D
uptake was less than inhibition of PAH uptake. They concluded
from this difference in susceptibility that 2.4.5-T and 2.4.D are
transported by a system separate from the classic organic anion

-transport system. This, however. does not explain all the data. In
these studies, Koschier and Berndt (42) also found that organic
cation transport was inhibited by 2.4.5-T. If 2.4.5-T does inhibit
both anton and cation transport. we are left with the conclusion that
the decreased uptake ot PAH in 2.4.5-T treated animals may be a
form of toxicity and not simple competitive inhibition.

Stroo et al. (64) considered the possibility that prolonged exposure
to low levels of 2.4.5-T in rats would produce a cumulative toxic
injury to the nephron or accumulation ot the chemical to cytotoxic
concentrations. They found that acute administration of 100 mgrkg
2.4.5-T to rats decreased PAH and 2.4.5-T accumulation into renal
cortical slices by 58 and 34%. respectively. Dailv administration of -
100 mg/kg 2.4.5-T for 2 weeks did not. however, enhance the
depression in PAH or 2,4.5-T accumulation produced by a single
dose. Acute administration of 20 mg-kg 2.4.5-T decreased PAH
clearance in vivo 24% and PAH accumulation into renal cortical
slices 51% when evaluated 4 hr after treatment. An equal dose was
without detectable effect on PAH accumulation or clearance when
evaluated 24 hr after the last treatment. Thus. only when 2.4.5-T
was present in renal tissue (4 hr after administration) was an effect
seen. These results demonstrate that chronic administration of low
doses of 2.4,5-T is not likely to produce cumulative inhibition of
renal organic anion transport and it appears unlikely that chronic
low level exposure to 2.4.5-T would lead to progressive or cumu-
lative renal damage as a result of accumulation within renal tissue.

TCDD

TCDD is produced as un unwanted contaminant of crude prep-
arations of 2,4.5-trichlorophenoxyacetic acid and other biphenyl
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compounds. TCDD. with a haft-lite in soil of about 1 year (32). s
a very stable compound. [t is also one ot the most toxic compounds
known: the oral LDy, for many animal species is in the microgram
range. Inanimals. death after a single dose of TCDD may be delayed
for as long as 40 days and 15 preceded by progressive debilitation
(24.25). Fetal toxicity and malformations. gastrointestinzl hemor-
rhage with necrosis and ulcerations of the stomach mucosa. cere-
brovascular hemorrhage. hepatotoxicity. and atrophy of the lymphatic
system are toxic eftects produced by TCDD (34).

TCDD is an_extremely potent inducer of hepatic and renal mi-
crosomal drug-metabolizing enzymes (19.26.47). Itis 3 X 10° times
more potent than 3-methylcholanthrene as an inducer of hepatic aryl
hydrocarbon hydroxylase. with the same maximal response (61). In
conjunction with enzyme induction. the smooth endoplasmic retic-
ulu ER) content of hepatic and renal cells is increased by TCDD
(19,20). This increase in SER is the predominant morphological
change produced by TCDD in the kidney. and is confined to cells
of the pars recta of the proximal tubule.

The high toxicity of TCDD and the morphological changes in-
duced in the SER of the proximal tubule cells suggest the possibillty
that excretory functions of the proximal tubule may also be affected
by TCDD. This. however. is not the cuse. As described above, one
of the most sensitive indices of nephrotoxicity is the ability of renal
cortical tissue to transport organic comoounds actively. Using these
parameters. adult rats treated with 10. 23, and 30 pg/kg TCDD

“were evaluated (30): 10 pg'kg TCDD was given and 3 or 7 dayvs

after treatment PAH uptake by renal cortical slices was unatfected.
~N-Methvinicotinamide (NMN) accumufation was slightly decreased
following treatment. A higher dose of TCDD (25 pgrkg) decreased
the capacity of renal tissues to transport both PAH and NMN 7 days
after exposure. Glomerular filtration rate and effective renal plasma
flow were decreased in rats after 23 or 50 pg'kg TCDD. Volume
expansion did not alter this relationship. Fractional sodium excretion
was less than 1% in both control and TCDD-treated animals. Thus.
sodium reabsorption. the major work function of the kidney. was
not affected by the dioxin (30).
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Although TCDD is an extremely toxic compound and specific
ultrastructural and biochemical alterations in renal cortical tissue
appear to be produced. the effects of the compound on ‘measurable
parameters of kidney function most probably can be attributed to a
decline in general health of the animal at the time of experimentation
{30). Even though TCDD has marked etfects on the cells of the
proximal tubule. the treatment regimens used did not produce spe-
citic changes in physiological functions of these cells.

Thus. TCDD is capable of causing serious svstemic disorders but
apparently does not affect renal function to any measurable extent.
This does not mean that TCDD is without tunctionally significant
ettfects on the Kidney. Either inappropriate functions were measured

or the changes in renal function may have been too subtle to be.

recognized.

In an etfort to characterize turther the etfect of TCDD on renal
tunction. the ability of TCDD to induce renal and hepatic enzymes
was investicated. TCDD has been found to be an extraordinarily
potent inducer of two hepatic enzymes—3-aminolevulinic acid syn-
thetase. the initial and rate-limiting enzyme in heme synthesis. and
arvl hydrocarbon hydroxylase. a cytochrome P-450-mediated mi-
crosomal monooxygenase (62). It is also an inducer of other renal
mixed-tunction oxidases (20). The work done with polybrominated
biphenyls (PBBs). which are also capable of inducing hepatic and
renal mixed-function oxidases (9.51). suggested that a stimulator
of renal drug metabolizing capabilities. such as TCDD. might alter
the susceptibility ot the kidney to toxicity caused by a nephrotoxic
agent. T '

An example of a compound that is metabolically activated to a
more toxic moiety by renal and hepatic enzymes systems is chlo-
rotorm. In animals pretreated with PBBs. renal drug-metabolizing
enzymes were stimulated and the nephrotoxicity of chloroform was
enhanced (33). It is indeed surprising. therefore. that in animals
treated with TCDD. the nephrotoxicity ot chlorotorm-was inhibited
(Tuble 1. This inhibition of nephrotoxicity was seen as a reduction
of the etfect of chlorotorm on kidnev-weight:body-weight ratio.
BUN. and organic anion transport. [nterestingly. the etfect of TCDD
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TABLE 1. Efect of TCDOD arnc PC8s on
chioroform nephrotoxiCity in mice

Kidney-weight occy-
weight ~ 100

Pretreatment  Controi CHCI,

None 1.49 2097
TCDO 1.64 1.58
pPCBs 1.51 1.54

#Significantly different than control.
From Kluwe et al. (38).

was similar to that of another chlorinated hydrocarbon. the poly-
chlorinated biphenvt (PCB). Aroclor 1254, Both ot the halogenated
hydrocarbons markedly attenuated the nephrotoxicity of CHCl, (Ta-
ble ). with an effect similar to that tound with 3-methyvicholan-
threne, a well-recognized enzvme inducer (33).

PBBs

The interaction between PCBs and chloroform (the attenuation
of chiorotform nephrotoxicity by PCBs) stimulated further investi-
aations into the eftect ot polyhalogenated biphenyl compounds tha
are known environmental pollutants. A compound of considerabic
interest to the state of Michigan is the mixwre Firemaster BP-6: a
mixture of brominated biphenyis of which the major component is -
hexabromobiphenyl.

PBBs ure fire retardants that were added accidentally to livestock
and poultry feed in Michigan (13). Brithant et al. (6) estimated that
by 1976 over 83¢c of Michigan residents had detectable body bur-
dens of PBBs. Although no human health etfects have been aurib-
uted detinitivelv to PBBs. a vanety of alterauons have been produced
in other mummalian species. Body weight guin has been retarded
and components of the immune and endocrine svstems have been
modified in several species tollowing exposure to PBBs (13.33).
Morphological und tunctional changes have been detected in livers
and kidneys from animals fed PBBs (54.35.63).
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PBBs. administered acutely or subchronically, increase the ac-
tivity of hepatic drug-metabolizing enzymes in rats (9.10). The
stimulation of hepatic microsomal enzymes following PBBs is sim-
ilar to that observed after treatment with phenobarbital and 3-meth-
vicholanthrene (9). two compounds representing the classic inducers
of cytochrome P450 and P450. respectively. Treatment with PBBs
in adult rats only retarded weight gain after 90 days exposure (52).
McCormack et al. (32) tested the etfect ot PBBs on renal function
in vivo and found that PBBs had no effect on BUN. the clearance
of inulin. PAH. or fractional sodium excretion. The in vitro accu-
mulation of PAH and NMN by thin cortical slices as well as am-
moniagenesis and gluconeogenesis were also not affected by PBBs.
Thus. treatment with PBBs. just as with TCDD and PCBs. resulted
in alteration of the activity oi renal microsomal enzyme systems but
had no detectable effect on renal function.

The most striking etfect of PBBs. however. is the marked increase

in nephrotoxicity to chloroform (38). Kluwe et al. (38) fed male

mice diets that contained 0. 1. 25. or 100 ppm of PBBs for 14 days
prior to challenge with & single injection of chloroform. Dietary
PBBs potentiated the chloroform-induced depression of PAH ac-
cumulation by renal cortical slices and the chlorotorm-induced rise
in BUN concentration in a PBBs intake related manner. The kidney-
weighvbody-weight ratio was elevated in PBB-treated mice but not
in mice consuming the control diet following administration of chlo-
roform. Thus. although doses as high as 100 ppm for 2 weeks in
the diet had no effect on BUN or on organic anion transport systems.
the effect of chlorotorm was markedly enhanced. In a similar study.
Kluwe et al. (37) found the effect of carbon tetrachloride on organic
anion transport in rats to be markedly potentiated by PBBs.

The difference between the effect of PBBs and PCBs on chio-

roform toxicity is retlected in measurements ot the nonprotein

sulthvdryl concentrations (mainly glutathione) in the liver and the
Kidney. One of the effects ot chloroform is to deplete renal and
hepatic cell content of reduced glutathione. This eftect on gluta-
thione concentration is altered by pretreatment with PBBs and PCBs.
Mice were ted a control diet or a similar diet formulated to contain
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200 ppm PCBx or 100 ppm PBBs for 20 days prior to a single
intraperitoneal injection of chioroform. Chloroform decreased the
concentration ot reduced sulthydryl groups in the kidney and liver
of control mice (Table 2). In the liver. the chlorotorm-induced
glutathione depletion was cnhanced by both PBBs and PCBs as
would be expected it chloroform is metabolized to an electrophilic
metabolite by cytochrome P-450-dependent enzymes. In the kidney.
PBBs similarly enhanced glutathione depletion produced by chlo-
roform: PCBs protected (Table 2).

The differences between the effects of PBBs and PCBs on chlo-
roform toxicity suggest that these agents may have different effects
on the overall metabolism of chloroform. That is. PBBs and PCBs,
although they share many physical and chemical characteristics. may
have qualitatively different effects on xenobiotic metabolism. PCBs
stimulated hepatic xenobiotic metabolism as well as renal metab-
olism: the serum half-life of chloroform. however. was significantly
less in PCB-treated mice than in control mice (Kluwe and Hook.
unpublished odservations). Thus. the protective effects of PCBs on
chloroform nephrotoxicity may have been a consequence of in-
creased hepatic chloroform metabolism resulting in decreased de-
livery of chloroform to the Kidney.

The question arises as to the duration of effect of the interaction
between the halogenated aromatic hydrocarbons and such nephro-
toxic agents as chloroform. These compounds are highly lipophilic.
are cnly slightly metabolized. and thus are retained in the body for
extended periods of time (48.49). McCormack et al. (53) demon-

TABLE 2. Effect of PCBs and PB8s on chloroform-induced depletion
of reduced non-protemn sulfhydry! grcups (NP-SH)

Hepatc NP-SH (ngg)  Renal NP-SH (ug g)

Pretreatment Control CHCl, Control CHCY,
None 2.010 1.250 880 550
PC8s 1.990 1.020 850 760
PBBs 2.120 400 830 290

From Kluwe and Hook, unpublished ocbservation.
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strated the effects of PBBs on renal drug metabolism in the kidneys
of rats that had been exposed prenatally and up to 28 days of age
through the muternal diet and were then weaned onto a control diet.
Marked enhancement of renal enzyme activity produced by PBBs
seen at 28 days were still seen 300 days later. Furthermore. induction
of drug-metabolizing enzymes in the kidney may be carried through
milk to subsequent generctions (33). Female rats received 10 or 100
ppm of PBBs in their diew: there was a marked induction of enzyme
activity in the Kidneys and livers of their pups at 28 days of age.
Some of these animals were then allowed to mature and were fed
only a control diet. They were then bred and their pups were eval-
uated at 23 davs of age. Even in this next generation, there was
still marked enzyme induction in the kidnevs. Only in the third
generation was “he effect eliminated (33). Thus. these compounds
have a protound eftect for extended periods of time. It is assumed
that the enhunced toxicity of chloroform seen in a single generation
is correlated with the enzyme activities measured even though those
specific activities are not responsible for activation ot chloroform.
Nevertheless. it is clear that the interaction described may extend
far beyond the time of direct exposure and increase the risk of
enhanced toxicity even to subsequent generations.
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WASHINGTON, D.C. 20480

LABEL TECHNICAL DATA

(See INSTRUCTIONS on back of last part)

U.S. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF PESTICIDE PROGRAMS (WH-567)

464

1. Comr ANY/REGISTRATION NOQ.

PRODUCT NAME

F | ESTERON 245 BE

Fom Appo-v.d
OMB No. 158 R0066

APPLICATION SITES & PEST TYPE 7. USER TYPE
{Check all that spply) (Check all thet apply) (Cheok afl that spply)
01 cROPS (Fruit) 01 ALGAK X 1 o1 uuspecirigp sEnErAL UsE
02 CROPS (Vegetable) 02 AMPHIBIAN/REPTILE 02 UNSPECIFIZD RESTRICTED USK
03 crors (Fleld) 03 BACTERIA 03 HOMEOWNER USK
o4 CROPS (Spice) 04 BIRDS 04 JANITORIAL USE
o8 CROPS (Nut) o8 FisH 08 PEST CONTROL OPERATOR USE gp
09 CROPS (Other) 08 FOULING ORGANISMS 08 COMMERCIAL APPLICATOR usih
10 30IL TREATMEN T (No crop specilied) 07 FUNG! 07 FARMER USE : h
20 FORKST 08 INSECTS AND MITES 08 MEDICAL USK N
30 ORNAMENTALS 09 MAMMALS 08 VETERINARY USE I o
40 TURF 10 NEMA TODES 10 GOVERNMENT AGENCY UsE ‘P
‘50 STORED PRODUCTS TREATMENT | % [ 11 pLANTS 11 MANUFACTURING USE HD
81 ANIMALS (Livestock) 12 RODENTS [ § FORMULATION
62 ANIMALS (Dairy) 13 sLIME (Check ome enly)
3 ANIMALS (Pot) 14 SLUGS AND SNAILS Of TECHNICAL CHEMICAL '
64 ANIMALS (Laboratory) 18 VIRUS 02 FORMUL ATION INTERMEDIASE
69 ANIMALS (Other) 16 OTHER (Specify) 03 DUST =
71 OUTOOOR (Nocrop Agricultural) 04 SRANULAR
72 OUTDOOR (Resident/ Commercial) 08 PELLETED/ TABLETTED
73 QUTDOOR (Non agricultural) 08 WETTASLE POWDER
81 BUILDINGS (Agricultural) & . MODE OF ACTION 07 WETTASLE POWDER/DUST
92 BUILDINGS (Cocxmercial) (Check all thet apply) 08 CRYSTALLINE
83 BUILDINGS (Food Procesaing) 01 ATTRACTANT 09 MICROEKMNCAPSULATED
84 BUILDINGS (Medical) 02 BIOLOGICAL CONTROL 10 IMPREGNATED MATERIALS
88 BUILDINGS (Regidential) 03 CHEMOSTERILANT 11 SELF-GENERATING SMOKE
91 CQUIPMENT (Commercial) 04 DEFOLIANT A 12 DMULSIMABLE CONCENTRATE

92 EQUIPMENT (Food)

08 DESICCANT

13 INVERT EMULSION

93 EQUIPMENT (Agricultural)

08 FEEDING:DEPRESSANT

14 FLOWABLE CONCENTRATE

84 EQUIPMENT (Medical)

07 GROWTH INHIBITOR

18 SOLUBLE CONCENTRATE

98 EQUIPMEN T (Transportation)

08 GROWTH REGULATOR

16 SOLUTION (Ready to Use)

96 LAUNDRY AND DRY CLEANING

09 POISON (Single dose)

17 otL.s (No added peaticide)

97 INDUSTRIAL PRESERVATIVES

10 POISON (Multiple Dose)

19 PRESSURIZED (Gas)

8 PESTICIOR (Manufacturing only)

11 PRESERVATIVE

19 PRESSURI Z2ED (Ligid)

99 OTHER (Specity)

12 REPELLENT

20 PRESSURIZED (Duet)

13 OTHER (Specify)

21 OTHER (Specify)

REMARKS

EPA Ferm 8570-10 (11.74)

1285112 NOg
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INSTRUCTIONS

This form must be submitted with all applications for new registration or registration renewal. (
In addition, it must be submiited with any amendment or resubmission that changes any item previously reported.

When submitting this form to report changes in the registration record, all information on the form should be
completed rather than just the changes. '

SPECIFIC

1.  Company/registration number. Put the registration number if registered, or the file symbol or company number
if not registered,

2. For EPA use only. -

3.  Product name. Enter the product name exactly as stated on the basic application.

4,  Application sites, Check all the sites that apply to the uses claimed on your label.

5.  Pest type. Check all the pest types that are claimed on your label. For pesticide manufacturing use labeis,
leave blank.

6. Mode of action, Seiect the terms that apply to how the proposed product works,
7.  User type. Check all user types to whom the marketing of this product will be directed.

8. Formulation. Check the single box that describes the product as packaged.

wirb85112 @90 ~

o)
EPA Form §570-10 (11-74) 'JOCUU'SZ-’.--
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<> DOW CHEMICAL USA.

zzgﬂﬂl’ N

9001 Building MIDLAND, MICHIGAN 48640
Eebruary 21, 1983
Ralph Gantz
9008 Building
cc: Art Schober, 9008 Building

John Tichon, 489 Building
RE: USE DIRECTIONS FOR ESTERON* 245 BE. (EARLY 1982 PRODUCTION)
Ralph:
As requested in your letter of February 16, 1983, here is a reasonable
set of directions for one possible approach to using up ®STERON 245 BE
that -has turned into “oatmeal®™ mpon storage. I leave the final wording
to your discretion and Art's inputs.

o

"Bring the one-gallon can of ESTERON 245 BE to room temperature, at least o
65°F. Shake the can well and pour the entire contents into a clean, dry x
five gallon can or other appropriate container.
~
Fill the ESTERON 245 BE can with one gallon of ESTERON 99 C and shake well., =
Pour the ESTERON 99 C liquid into the five-gallon can containing the ESTERON —
245 EBE. o
Q
-
Vigorously shake or stir the ESTERON 245 BE + ESTERON 99 C mixture until the ~
solids have dissolved. The solids should dissolve in less than 10 minutes
at 65°F.

Use the mixture as you would any emulsifiable concentrate formulation:

(1) £ill the tank half full with water (2) then add the required amount of
herbicide mixture, with agitation (3) finally, add the rest of the water.
Note: the mixture of ESTERON 245 BE and ESTERON 99 C in water forms an
emulsion which tends to separate unless the mixture is kept agitated.”

Ralph, I feel that the key to any instructions passed along to the sales
offices is to wtress that absolutely no ESTERON 245 BE is to be returned

%o Midland. This includes cans and drums and smaller samples. The salesman
should make every reasonable accomodation to keep material from coming back
%0 Midland.

Jim Havel

Application Systems C e

Agricultural Products Department 4 67 4

1; 4 £ th 4770
rademark o A-? g&i‘%gnﬁlnqg]b;%n?w CHEMICAL COMPANY

0608295



<G> DOW CHEMICAL USA.

9008 Building

MIDLAND, MICHIGAN 48640
February 16, 1983

J. J. Havel
9001 Building .

ce: S. J. Howell, 9008
E. R. Laning, Jr., 9008
A. E. Schober, 9008
J. M. Tichon, 489
G. L. Ytzen, 5008

F4ELD SOLUTION .TO PRESCRIBE #OR £STERON 245 BE HERBICIDE QUAL1TY .COMPLAINTS

Jerry Ytzen suggests there is likely to be some ESTERON 245BE on dealer
shelves somewhere that was not found in the 1982 product return campaign.
in the user's hands, this material will likely generate compiaints.

Jerry suggests we may want to have a field mixing solution prescription
ready that the Dow field sellers can use as a basis for servicing such
inquiries. -

Please prepare a brief written summary that identifies the procedure

to follow if the user is willing to correct his problem by blending 1
gallon ESTERON 99 Concentrate with 1 gallon ESTERON 245BE herbicide.

The user may then end up using the '"2+2'" blend as though it were straight
2,4,5-T product, but he would use twice the recommended volume .-;ates
shown on the ESTERON 245BE label. ‘

The chance that the user may have some ESTERON 99 Concentrate on hand
that is PGBE rather than butoxyethyl ester is possible, but considered
remote. We will not concern ourselves with that aspect at this time.

1 understand that the procedure you prepare will only be circulated
through DSMs to field sellers. The field seller would have it as a
reference to verbally handle phone calls, but not pass it on to
distribution or-end use customers as printed Dow information.

Your early attention to this request is appreciated.

PR,

R. L. Gantz
Ag Products Department

Imd

D-497(
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DOW CHEMICAL U.S.A. =
=
o
May 19, 1982 MIDLAND, MICHIGAN 48640 2
(o]
\ \ =
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g
Dave Buzzelli >
834 Bldg.
cc: F R BTedm - —274-B11g: ~ R. E. Woodward - 834 Bldg.
E. R. Laning - 9008 Bldg. E. S. Conyers - 8008 Bldg.
C. H. Goodman - 2030 Bldg.
ESTERON 2,4,5-BE, TCDD ANALYSIS
The attached letter from EPA is self-explanatory. Do we have the
analytical data they want? If so, would you please send me 3
copies so I can send it to EPA.
If we have disposed of the drummed material by selling it as technical
material under EPA Reg. No. 464-518 let me know so I can advise EPA.
If we are going to use it in our formulation, we need to advise EPA
of the TCDD content.
Thanks for your assistance.
Arthur E. Schober o
Product Registration Manager o
Agricultural Products Department x
~N
nbe —
Attach: w
L —d
(-}
~N
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

RECE(ve
flRY 17 Iz3¢

REGISTRATION

Mr. Arthur E. Schober
Dow Chemical Couwpany
_ P.O. Box 1706

i Midland, MI 48640

vl

Dear Mr. Schober:

4
' Subject: TCDD Analyses
Esteron 245 EE
EPA Registration Number 464-574
Followup to our Registration Notice of March 29,1982

: We have completed review of your additional data on this subject submitted
E March 24, 1982. You are reporting TCDD concentrations within the maximum -

(0.008 ppm) stipulated in your formula statement of March 18. Since you have

Y TR

described this method as unvalidated, however, submit a method description and

recovery data (including chromatograms) of TCDD-spiked samples. We note that

you also plan to submit further analyses of the 16,500 1b of material packaged

in 55-gallon drums as they become available. We appreciate your cocperation

in this matter.

Sincerely Yours, v |
o Q
- x
R.ichard F. Mountfort ™~
Product Manager (23) -_—
Fungicide-Herbicide Branch w
Registration Division (TS-767) -
(=]
. (J1)
D-477¢
468008302
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 DISTRIBUTION
__EMERGENCY

W. Heitzig, Mz-mager

Seaurity

1100 Bullding

ESTERON 245 - ROBINSQN, ILLINOIS

Mr. M. Hayes, of Robinson, Illinois telephme 618-544~8502, called and related
the follawring: Approximately two weeks ago he sprayed the fence line of his
pasture with Esterm 245 plus a little Roundup he had left and wanted to dis-
pose of. Mr. Hayes wanted to know how long does he have to wait before he ecan
put his cattle back in to graze, and also what will happen if the cattle eat
any of the grass killed by the Esteron 245? I informed Mr. Hayes a techmical
perscn would be notified to return his call. Mr. Hayes requested the call back
"to be around 12:30 P.M., their time, as he would be in for lunch.

M. L

. L. Downs, of Ag Research, was called and informed. Mr.Damsstatedhe.
would call Mr. Hayes at 1:30 P.M. our time.

DISTRIBUTIN: B. Caldvell, B. Lee, R. Zweigle, G. Shafer, Public Relatiens,
Industrial Hygiene, L. Downs.

D- 171

DOW KNOWLEDGEABLE CONTACT: .Follow up letter describing incident causs, corrective action and material
disposition must be reported within 48 hours.

Copies: 1. Pe tacted above . y ~
P es: 2. Plant Protection, 1100 Bullding 4681 ©€08303
3. Office Emergency Response, Buliding

=
Form M-49450, A-10-80
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The Science of the Total Environment, 31 (1983) 203—218 203
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands
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CARCINOGENICITY AND TOXICITY OF 2,4-DICHLOROPHENOXY-

4
Q
ACETIC ACID . z E

u. S.

MELVIN DWAINE REUBER )
Duw CuumiCAL

JAN1 4 1904
LIBRARY MIDLAND

11014 Swansfield Road, Columbia, MD 21044 (U.S.A.)

(Received February 9th, 1983; accepted May 4th, 1983)

ABSTRACT

2,4-Dichlorophenoxyacetic acid (2,4-D) is carcinogenic in male and female rats and
probably also in mice. Male and female rats ingesting 2,4-D developed increased incidences
of malignant neoplasms. Lymphosarcomas were increased in rats of both sexes, and
neoplasms of the mammary gland in {emale rats. Male rats also had earcinomas of the
endocrine organs. 2,4-D isooctyl ester was carcinogenic for the lymphoreticular system
in female mice. 2,4-D and 2,4-dichlorophenocl also were promoters of neoplasms of the
skin in mice. Male mice given 2,4-D isopropyl ester developed an increased incidence of

. neoplasms of the lung.
- 2,4-D also s mutagenic and teratogenic in animals and causes poisoning in animals

. and human beings.

97€951ZM00!

INTRODUCTION

The auxinlike, plant growth-promoting chemical, 2,4-dichlorophenoxy-
acetic acid (2,4-D), has been used for may years as a plant herbicide [1].
The acid, its salts, and its esters are used to kill dicotyledonous weeds and
certain other plant species. The chemical is readily absorbed from the
digestive tract of animals and excreted by the kidney. Acute and subacute
toxicity tests have shown that 2,4-D can cause poisoning in animals.

2.4-D is widely used as a herbicide to control certain types of vegetation.

~ It is sprayed from airplanes on many millions of acres to kill shrub and broad-
leaved plant life on specialized farms and range and pasture lands used for
grazing. 2,4-D is-used to kill vegetation adjacent to railroads, highways and
other roads, pipe lines, power lines, and in and around lakes, ponds and
irrigation ditches. It is used in aerial spraying operations of forest lands to
kill broad-leaved vegetation and encourage 'soft wooded trees such as spruce
and pine. It is present in preparations sold at retail for home gardeners and is
; widely used on home lawns and grass covered areas used for recreational
l ; purposes. 2,4-D-is also used on cereal crops such as rice, on sugar cane and
to control ripening of bananas and citrus fruits, to delay preharvest dropping
of some fruits, and for the control of rot when lemons are stored. 2,4-D

. £
P - 0048-9697/83/$03.00  ©1983 Elsevier Science Publishers B.V. - - 4 683
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2, 4-D

was extensively sprayed together with 2,4,5-trichlorophenoxyacetic acid on
millions of acres as a defoliant in Vietnam.

With the widespread use of this herbicide, possible toxic effects are
important. 2,4-D finds its way to humans through direct contact either
occupationally or by spraying humans purposely or accidentally. Drift after -
spraying can contaminate gardens, plant nurseries, water and other areas.
Residues may inadvertently be encountered in food, vegetables, meat and
water.

The production and use of 2,4-D can only be estimated because the data
often is considered as trade secret by the manufacturers. The latest data
available are for the year 1975. An estimated 27 million kg were used in the
U.S.A. The Federal Republic of Germany and the U.K. are the major pro-
ducing countries of western Europe where annual production was estimated
to be 3—30 millionkg. In eastern Europe it was estimated to be less than
10 million kg. In Japan production amounted to 511 thousand kg.

This review includes, to the best of our knowledge, every study on the
carcinogenicity of 2,4-D, or its esters, and a metabolite, 2,4-dichlorophenol
in animals. The raw data and histological sections were reviewed for the FDA
2,4-D Rat Study and FDA 2,4-D Dog Study {1—3] and the results are based
on this examination. The Innes et al. Mouse Studies for 2,4-D, or its esters
{4), the Archipov and Kozlova 2,4-D Mouse and Rat Studies [5], and the

"' Boutwell and Bosch 2,4-Dichlorophenol Mouse Study [6] are also included.

Statistical tests of significance were p (probability) values obtained
with Fisher’s exact test ‘and tests for positive linear trend and departure
from linear trend.

12E9S1ZM00;

FDA 2,4-D RAT STUDY

Osborne-Mendel rats, three weeks of age, ingested either 0, 5, 25, 125,
625, or 1250 ppm of 2,4-D in the diet for 104 weeks [1, 3] There were 25
males and 25 females at each dose. The rats were individually caged and were
weighed weekly. Hematologic studies were done periodically.

Survivors were killed after 104 weeks, and organ weights were taken for
heart, liver, spleen, kidneys, and testes. Organs were also weighed from
moribund rats killed after 52 weeks; however, no organ weights were in-
cluded from rats that died. :
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TABLE 1
NUMBER OF MALE RATS INGESTING 2,4-D WITH CARCINOMAS AND SARCOMAS
(FDA RAT STUDY) ,
Dose Carcinomas P Sarcomas P I. Both* P
(ppm)
0 0/25 (0%) 1/25 (4%) 1/25 (4%)
5 2/25 (8%) 2/25 (8%) 3/25 (12%)
25 6/25 (24%) 0.011 4/25 (16%) 9/25(36%) 0.0053
125 6/25 (24%) 0.011 6/25(24%)  0.049 9/25 (36%) 0.0053
625 5/24 (21%) 0.022 4/24 (17%) 6/24 (25%) 0.043
1250 3/23 (13%) 7/23(30%) 0.018 9/23(39%) 0.0033
5—1250 22/122(18%) 0.012  23/122(19%) 0.052  36/122(30%) 0.0038

0.021° 0.039"
0.057¢ 0.034¢

: Some rats had both carcinoma and sarcomas and are counted only once.
Test for positive trend.
© Departure from linear trend.

Detailed histologic examination was made of tissues from six male rats
"and six female rats from the 1250 ppm 2,4-D groups and the control groups.
Liver, kidney, spleen, and ovary or testes, as well as tumors and other gross
lesions, were sectioned histologically from the rats on all other doses of 2,4,-D.
At the end of 104 weeks the following rats were alive: 12 males, 6 females
(O ppm); 8 males, 4 females (5 ppm); 9 males, 9 females (25 ppm); 9 males,
8 females (125 ppm); 10 males, 9 females (625 ppm); and 5 males, 11
females (1250 ppm).

Body weights and the organ—body weight ratios for liver, kidney, heart

and testes were reported as showing no differences among the various
groups. These results have little meaning, however, since the rats that died
with the most chance of being abnormal were not included. The spleen—
body weight ratio was slightly elevated in rats given 625 ppm or 125 ppm
2,4-D (p < 0.05).
2 Terminally, the red blood cells of rats given 5ppm, 625 ppm, or 1250
ppm 2,4-D showed macrocytosis, slight polychromasia, and slight to moderate
hypochromasia. These changes were not present, or were of a minor degree
in control rats.

Malignant neoplasms at cll sites in male rats '
There were increased incidences of malignant neoplasms in male rats given
all doses of 2,4-D (Table 1). Nine of 25 rats (36%) given 25 or 125 ppm
(p =0.0063) and 9 of 23 (39%) given 1250 ppm of 2,4-D (p = 0.0033)
developed -carcinomas and sarcomas. The incidences of these neoplasms
- were dose related (p = 0.039). For some unexplained reason, the rats re-
ceiving 625 ppm, 6 of 24 (25%), had fewer malignant neoplasms than male

!
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TABLE 2

NUMBER OF MALE RATS INGESTING 2,4-D WITH LYMPHOSARCOMAS AND
NEUROSARCOMAS (FDA RAT STUDY)

Dose ) Lymphosarcoma P Subcutaneous
(ppm) neurosarcomas

0 0/25 (0%) 0/25 (0%)
5 2/25 (8%) 0/25 (0%)
25 4725 (16%) 0.055 0725 (0%)
125 5/25 (20%) 0.025 1/25 (4%)
625 3/24 (13%) 1/24 (4%)
1250 6/23 (26%) 0.0082 °  1/23 (4%)
5-1250 20/122 (16%) 0.018. 3/122 (2%)
0.034

2 Test for positive trend.

rats in other groups (p = 0.043). Thirty-six of 122 (30%) 2,4-D-treated
male rats had carcinomas and sarcomas (p = 0.0038).

Sarcomas in male rats _

The sarcomas in 2,4-D-treated male rats were mainly lymphosarcomas,
however, there were a small number of subcutaneous neurosarcomas (Table
2). Sarcomas were present in 4 of 25 rats (16%) ingesting 25 ppm, 6 of 25
rats (24%) ingesting 125ppm (p = 0.049), and 7 of 23 (30%) receiving
1,250 ppm of 2,4-D (p = 0.018) (Table 1). Twenty-three of 122 (19%) male
rats given 2,4-D had sarcomas (p = 0.052).

62€9S1ZM00;

Carcinomas in male rats
Carcinomas in male rats treated with 2,4-D were seen in the endocrine
system. Six of 25 male rats (24%) ingesting 25 or 125 ppm (p = 0.011) and
5 of 24 rats (21%) given 625 ppm (p = 0.022) of 2,4-D developéd carcino-
mas (Table 1). Twenty-two of 122 (18%) male rats given 2,4-D had car-
. cinomas (p=0 012)

Malignant neOplasnu at all sites in female rats ’

Eight of 20 (40%) female rats given 5 ppm (p = 0.019), 11 of 22 (50%)
given 25ppm (p = 0.058), 13 of 23 (57%) on 125 ppm (p = 0.022), 18 of
24 (75%) receiving 625 ppm (p = 0.00047), and 17 of 25 (68%) female
rats ingesting 1,250 ppm (p = 0.0022) of 2,4-D developed malignant neo-
plasms at all sites (Table 3). Altogether, malignant neoplasms were ob-
served in 67 of 114 female rats (59%) ingesting 2,4-D (p = 0.0018).

Lesions of the lymphoreticular system in female rats °
The highest incidence of lymphosarcomas was 12 of 24 (50%) female rats
gi:/ 625 ppm of 2,4-D (p = 0.00007) (Table 4). Female rats in the othe.

=t 4686
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TABLE 3
NUMBER OF FEMALE RATS INGESTING 2.4-D WITH CARCINOMAS AND SAR-
COMAS (FDA RAT STUDY)

Dose Carcinomas p Sarcomas P Both* p

(ppm) -

0 4/22 (18%) 1/22 (5%) 5/22 (23%)

5 8/20 (40%) 5/20 (25%) 8/20 (40%)

25 7/22 (32%) 8/22 (36%) 0.011 11/22 (50%) 0.058
125 10/23 (43%) 0.065 8/23 (35%) 0.013 13/28 (57%) 0.022
625 14/24 (58%) 0.0059 12/24 (50%) 0.00007 18/24(75%) 0.00047

1250 13/25(52%) 0.017  10/25(40%) 0.0044 17/25(68%) 0.0022

§—1250 52/114 (46%) 0.013  43/114 (36%) 0.0017  67/114 (59%) 0.0018
o 017° 0.024° 0.00220

0.089¢ 0.090¢

2 Some rats bad both carcinomas and sarcomas and are counted only once.
Test for positive trend.
¢ Departure from linear trend.

2,4-D treatment groups had 24—27% lymphosarcomas (p = 0.011—0.018).
Thirty-one percent of all females (p = 0.00073) developed lymphosarcomas.
The findings are even more significant if hyperplasia of the lymphoreticular
system is considered along with lymphosarcomas, i.e., 39% (p = 0.00005) of
female rats ingesting 2,4-D. Female rats also had sarcomas of the uterus.

Carcinomas at all sites in female rats
Carcinomas at all sites were seen in 43% (10 of 23) (p = 0.065) of female
rats en 125 ppm, 58% (14 of 24) (p = 0.0059) given 625 ppm, 52% (13 of
25) (p =0.017) receiving 1250 ppm and 46% (52/114) (p = 0.013) of
female rats given 2,4-D (Table 3). Carcinomas were found in the repro-
_ductive system, particularly the mammary gland, and occasionally in endo-
;c}-ine organs.

Neoplasms of the mammary gland in female rats

The incidence of mammary gland tumors was higher in treated female
rats, particularly on gross examination, which is generally quite reliable,
The number of rats with such tumors was less in all but one group after
histologic examination (Table 5).

On gross examination, 18 of 21 female rats (86%) ingesting 25 ppm
(p = 0.0064), 20 of 24 rats (83%) ingesting 625 ppm (p = 0.0080) and
16 of 23 rats (70%) given 1250 ppm of 2,4-D had neoplasms of the mammary
gland, compared to 10 of 22 (46%) control female rats. The findings are
quite different for the numbers or rats with histological sections examined
by pathologists at FDA and sections available for this examination.

'S
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TABLE 4 ]
* NUMBER OF FEMALE RATS INGESTING 2,4-D WITH LESIONS OF THE LYMPHORETICULAR S8YBTEM (FDA RAT §TUDY) &
Dom (ppm) Hypeorplasia P Lymphosarcoma p Hyperplasia and p
. lymphosarcoms
0 0/22 (0%) ~ 0/22(0%) 0/22 (0%)
8 0/22 (0%) 6/20 (26%) 0.018 6/20 (25%) 0.018
26 2/22 (9%) 6/22 (27%) 0.011 8/22 (36%) 0.0018
128 2/23 (9%) ! 6/23 (26% 0.012 8/23 (36%) . 0.0023
626 4134 (11%) 0.065 12/24 (60%) 0.00007 16/24 (67%) <0.00001
1360 2/3% (8%) : 6/26 (24%) 0.016 8/26 (32%) 0.0034
5~—-1280 . 10/114 (9%) 36/114 (31%) 0.00073 456/114 (39%) 0.00095
. 0.039
0.0004"
® Test for positive trend.
® Departure from lnear trend.
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TABLE 6

NUMBER OF FEMALE RATS INGESTING 3,4-D WITH NEOPLASMS OF THE MAMMARY GLAND AND HISTOLOGIC EXAM-

INATION® (FDA RAT STUDY)
Dose (ppm) Gross® p Histologic® p Histologic? P
0 10/22 (46%) 10/22 (45%) 8/22 (36%)
[ 8/20 (40%) 7/20 (36%) 7/20 (35%) .
26 18/21 (86%) 0.0064 11/21 (62%) 11/21 (60%)
128 8/23 (356%) 10/23 (43%) 9/23 (39%)
626 20/24 (83%) 0.0080 14/24 (68%) 16/24 (63%) 0.070
1260 16/23 (70%) 0.091 16/23 (65%) 11/23 (45%)
5—1250 70/111 (63%) 57/111 (52%) 53/111 (47%)
0.0233° 0.0334°
0.0008¢

® Corrected for survival time, i.e., time of appearance of first neoplasms of the mammary gland.

® Gros necropsy at FDA,

® Histological examination by FDA.
4 Histological examination by Reuber.

® Test for positive trend.’
t Departure from trond.

60¢
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Comments

It is worth noting that histological examination of tissues from this study
was inadeguate. Microscopic neoplasms would have been overlooked at the
5 to 625 ppm doses of 2,4-D (only gross neoplasms were sectioned histologi-
cally) and also even at the highest dose because only six rats of each sex
were examined in detail. Also histological sections were not available for
19 mammary gland neoplasms described at the time of necropsy, and no
explanation was given for this discrepancy.

Despite the shortcomings of this study, it must be considered as an-
acceptable study. ’

The largest numbers of rats alive were in the 25 to 1250 ppm doses; and
- the smallest number of rats alive was in the lowest dose, 5 ppm. These results
suggest that rats in at least some of the 25 to 1250 ppm groups were not
ingesting their diets because of toxicity. The differences in the incidences
of neoplasms, therefore, would not be great.

Tumors were analyzed, on the basis of 25 rats per group, and the following
conclusions were made by the authors: “There is a statistically significant
(p < 0.05) linear relationship between the proportion of female rats with
tumors and the level of the log dose, but not the arithmetic dose, indicating
that there is a tendency for the proportion of female rats with tumors to
increase with the log dosage. There is also a statistically significant (p < 0.05)
linear relationship between the proportion of male rats with malignant
tumors and the level of arithmetic and log dose. A comparison was made
of the control group with each treatment group. Statistically significant
(p €0.05) differences were found only between the control group and
the 1250 ppm dose level with respect to male rats with malignant tumors.”

The authors also believed that the raw data and the pathologic interpre-
tation did not support the statistical analyses and that ‘“‘a carcinogenic
effect of 2,4-D has not been shown”. They also stated that “additional
support for this interpretation has been given by the long-term study in
mice”, . : ’

Summary

. Male and female rats ingesting 2,4-D developed increased incidences
of malignant neoplasms. Lymphosarcomas were increased in rats of both
sexes, and neoplasms of the mammary gland in female rats.

Conclusions
2,4-D is carcinogenic for male and female rats.

FDA 2,4-D DOG STUDY

Beagle dogs, 6 to 8 months old (3 males and 3 females per group) ingested
0,-10, 50, 100, or 500 ppm 2,4-D in the diet for 104 weeks {1, 2]. Organ
_ weights were taken for brain, heart, liver, kidneys, spleen, thyroid, adrenals,
and testes. Tissues from all dogs were studied grossly and microscopically.

b
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Many of the dogs ingesting 2,4-D lost weight. There were scattered lesions
such as atrophy of the testes and prostate, interstitial nephritis, hemangioma
of the adrenal, atrophic or cystic pituitary, atrophy of the thyroid, and
hypoplasia of the bone marrow. Most of the lesions were seen in the
endocrine organs. Control dogs generally ‘did -not have lesions.

Comments :

Previous experience at FDA has shown that long-term chronic dog studies
should be carried out for six years or longer in order for neoplasms to
develop. Since they occurred predominantly in 2,4-D treated dogs, lesions
may have progressed to neoplasms had the dogs been treated for a longer
period of time. :

VS

Summary
A two-year feeding study in dogs cannot be considered a carcinogenicity
study.

INNES et al. 2,4-D, OR ITS ESTERS, ORAL MOUSE STUDIES

1.2,4-D

The maximum tolerated dose of 2,4-D was given to two hybrid strains
of mice, (C57BL/6 x C3H/Anf)F, designated as “strain A” and (C57BL/6 x
AKR)F, designated as “strain B mice [4, 7]. There were 18 treated mice
and 18 untreated controls of each strain and each sex. 46.4 mg/kg was given
in 0.5% gelatin daily by stomach tube beginning at 7 days of age. After the
mice were weaned at 28 days of age, 149 ppm of 2,4-D was mixed directly
in the diet and provided ad libitum. “‘Strain B" male and female mice were
also given 100 mg/kg, followed by 323 ppm. Treatment was continued
approximately 18 months.

Postmortem included thorough external examination and internal
examination of the neck glands and the thoracic and abdominal cavities,
with histologic examination of major organs and of all grossly visible lesions. -
Thyroid glands were not examined.

2 There was no increase in neoplasms in the 2,4-D-treated mice.

2. 2,4-D isopropyl ester
. “Strain A” and “strain B” male and female mic® were given 46.6 mg/kg
of 24-dichlorophenoxyacetic acid, isopropyl ester in 0.5% gelatin daily by : B
stomach tube. At 28 days of age the mice received 111 ppm in the diet for
approximately 18 months.
There were neoplasms in-the lungs of 4 of 18 “strain A” male mice (22%)
ingesting 2,4-D isopropyl ester compared to 2 of 17 matched controls (12%)
and 5 of 79 pooled male control mice (6%) (p = 0.0584) (Table 6).
- In this study, “strain A™ male mice receiving 2,4-D isopropyl -ester de-
veloped an increased incidence of neoplasms of the lung.

£
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TABLE 6 '

NUMBER OF MALE AND FEMALE MICE INGESTING 2,4-D ISOPROPYL ESTER
WITH NEOPLASMS OF THE LUNG (INNES et al. {4, 7), MOUSE STUDY)

Strain Dose (ppm) ~  Male P Female
“A" Matched 0 2/17 (12%) 1/18 (6%)
“A” Pooled 0 5/79 (6%) 3/87 (3%) ,
“A” 111 4/18 (22%) 0.0584 1/18 (6%) -
“B” Matched 0 2/18 (11%) 0/17 (0%) o
“B" Pooled (1} 9/90 (10%) 3/82 (4%) o
“B” 111 2/18 (11%) 0/17 (0%) axE
~N
3. 2,4-D butyl ester -
“Strain A” and “strain B” male and female mice received 46.4 mg/kg w
of 2,4-dichlorophenoxyacetic acid, butyl ester in 0.5% gelatin daily by T
stomach tube. At 28 days of age the mice received 149 ppm in the diet wn
for approximately 18 months.
Three of 18 *“strain A” female mice (17%) and 4 of 87 pooled controls
(5%) had reticulum cell sarcomas (p = 0.0955) (Table 7).
In this study, there was an increased incidence of reticulum cell sarcoma
in 2,4-D buty] ester-treated “strain A™ female mice.
4. 2,4-D isooctyl ester
“Strain A” and “strain B’ male and female mice received 46.4 mg/kg of
2.4-dichlorophenoxyacetic acid, isooctyl ester in 0.5% gelatin by stomach
tube. After 28 days they ingested 130 ppm in the diet for approximately
18 months.
_ Neoplasms in treated mice were found mainly in the liver and lung. One
h “strain A” treated male mouse had an ‘“‘angioma” of the liver and another
an ‘“‘angioma” of the spleen. . - -
In this study, neoplasms of the liver were slightly increased in 2,4-D
TABLE 7 -
NUMBERS OF MALE AND FEMALE MICE INGESTING 2,4-D BUTYL ESTER WITH
RETICULUM CELL SARCOMAS (INNES et al. 4, 7}, MOUSE STUDY) -
. Strain Dose (ppm) Male P Pemale - " p
“A"” Matched 0 ‘ 1/17 (6%) 2/18 (11%)
“A"” Pooled 0 * 5179 (6%) 4/87 (5%)
“A" 149 0/18 (0%) 3/18 (17%) 0.0958
“B" Matched 0 1/18 (6%) 2117 (12%)
“B” Pooled o 1/80 (1%) 3/82 (4%)
“B” 149 2/18 (11%) 0.0714  0/16 (0%)
£ .
- -+ 4682
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isooctyl ester-treated ‘‘strain A’ male mice and tumors of the lung in *strain
A" female mice. Two male mice had rare tumors; “angiomas” of the liver
and spleen.

INNES et al. 2,4-D, OR.ITS ESTERS, SUBCUTANEOUS MOUSE STUDY

A single subcutaneous injection of 2,4-D, or its esters, was given in the
nape of the neck to two hybrid strains of mice, (C57BL/6 x C3H/Anf)F,
designated as “strain A” and (C57BL/6 x AKR)F, designated as ‘‘strain B”
at approximately the 28th day of age [7]. There were 18 treated mice and
18 untreated controls of each strain and each sex. They were killed after
approximately 18 months.

Mice received the following doses: 215 mg/kg or 464 mg/kg of 2,4-D in
DMSO; 100 mg/kg of 2,4-D isopropy! ester, 25.5 mg/kg of 2,4-D butyl ester,
or 21.5 mg/kg of 2,4-D isooctyl ester in corn oil.

Necropsy included thorough external examination and internal exam-
ination of the neck glands and the thoracic and abdominal cavities. Histo-
logical examination was done on all major organs and of all grossly visible
lesions,

Reticulum cell sarcomas in *“‘strain B™ femnale mice

Five of 17 “strain B” female mice (29%) given 2,4-D isooctyl ester had
reticulum cell sarcomas, compared to 5§ of 157 control female mice (3%)
(p = 0.0009) (Table 8).

Summary
2,4-D isooctyl ester was carcinogenic for the lymphoreticular system
(reticulum cell sarcomas) in “strain B’ female mice.

-

ARCHIPOV AND KOZLOVA MOUSE AND RAT STUDI.ES

Three groups, 100 each, of CBA x C57/BL hybrid mice were used {5]. Two
groups of mice received one drop of a 0.5% solution of 3-methylcholanthrene

TABLE 8

- NUMBER OF MB"WANDMMICEGIVENASINGIESUB-
CUTANEOUS INJECTION OF 2,4-D ISOOCTYL ESTER WITH RETXCULUM CELL
SARCOMAS(INNES“IL[‘ 7], MOUSE STUDY)

Dose (mg/kg) Males Femalas »
o ~ 0/161 (0%) 57157 (3%)
1 : 0/18 (0%) 5117 (29%) 0.0009

4693
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in benzene on the skin for 3 weeks. Later the skin of one group of mice was

; painted with a 10% solution of the amine salt of 2,4-D in acetone. The skin
of the third group of mice was painted with a 10% solution of the herbicide.
Mice were observed for 20 months.

Neoplasms of the skin

Papillomas developed on the skin of 17.7% of the mice treated with 3-
methylcholanthrene followed by 2,4-D, and none for the mice receiving
3-methylcholanthrene only or 2,4-D only.

Comments

Groups of rats also ingested 1/10th the LD, of the amine salt of 2,4-D
[5]. The dose was not given.

Summary
2,4-D is a promoter of neoplasms of the skin in mice.

LEEISIZMOQ:

BOUTWELL AND BOSCH 2,4-DICHLOROPHENOL MOUSE SKIN STUDY

Female Sutter mice, 2—3 months of age, were used [6]. Mice were painted
on the skin with a single initiating dose of 0.3% dimethylbenzanthracene
in acetone followed by 20% 2,4-dichlorophenol in benzene, benzene only,
or no treatment. 2,4-Dichlorophenol was applied twice weekly. One group
of mice was observed for 15 weeks and a second for 24 weeks.

Neoplasms of the skin

Mice treated with both chemicals developed an increased incidence of
neoplasms of the skin. Thirteen of 27 treated mice (48%) (p = 0.00607)
had papillomas and 3 of 27 treated mice (11%) had carcinomas of the
skin, compared to 1 of 15 untreated mice (7%) with papillomas and 0
of 15 -untreated mice (0%) after 15 weeks. Papillomas of the skin: were
observed in 12 of 16 treated mice (75%) (p = 0.00004) and carcinomas
of tne skin in 10 of 16 treated mice (62%) (p < 0.00001); whereas, papil-
lomas were seen in 3 of 27 mice (11%) and carcinomas in 0 of 27 mice
(0%) receiving benzene only after 24 weeks.

Conclusion _ o oo

2,4-Dichlorophenol promoted the incidence of neoplasms of the skin
in mice when administered after a single initiating dose of dimethylbenz-
anthracene.

DISCUSSION ;

2,4-D was found to be carcinogenic for rats in the original publication by

I 4
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Hansen et al. {1]. It was also concluded that *2,4-dichlorophenoxyacetic
acid is carcinogenic in rats’ in a preliminary review of the raw data, but
not the histological sections, requested by Senator Edward M. Kennedy’s
Subcommittee on Administrative Practice and Procedure of the Committee
on the Judiciary, United States Senate [8]. The examination and diagnoses
of the histological sections, which was done for this review further strength-
ened the findings and conclusion that 2,4-D is carcinogenic in rats.

Experience has shown that it is necessary to review the raw data and
histological sections of old chronic toxicity and carcinogenicity studies in
animals {9, 10, 11]. The data from studies often is not adequately analyzed
and the conclusions are suspect. It also is not unusual for results of such
studies, which are statistically significant, to be ignored because they are
described as not biologically significant. The pathology report for the FDA
2,4-D study in rats was completed in 1964; however, the results were not
published until 1971 [1, 3].

2,4-D is mutagenic and teratogenic as well as carcinogenic [12]. 2,4-D
and its derivatives are teratogenic in mice, rats and hamsters. 2,4-D induces
skeletal malformations, cleft palats, eye malformations, subcutaneous
edema and hemorrhages in the snout, abdominal cavity, liver and soft tissues
in rats when administered during early pregnancy [7, 13—17]. 2,4-D is
embryotoxic [18]. 2,4-D penetrates the placenta and the fetuses [19].

'2,4-D caused point mutations in animal cells without liver activation,

damages DNA in a manner similar to ionizing radiation and stimulates
mitosis [20—22]. Endothel-treated fruit flies developed an increase of
recessive lethal mutations [23].

2,4-Dichlorophenol is a major product of the breakdown of 2,4-D by
microorga.nisms [24]. The compound is also teratogenic in rats and carcino-
genic in mice. {6, 14].

2,4-D is rapidly absorbed from the human gastromtestmal tract and
distributed widely throughout the body in animals and in human beings
[25—28]. It is fat soluble and rapidly absorbed through the skin and lungs
[29]. Acute effects of 2,4-D poisoning in humans include headache,
weakness, dizziness, nausea and vomiting, sore throat, irritation of nasal

‘mucosa, impared sense of taste and smell, substernal chest pain and loss of

donsciousness {30]. Peripheral neuropathy, which begins with tingling and
numbness in the extremeties, has been reported in humans hours or days
after exposure to 2,4-D on the skin. The symptoms in some people increased

. through several weeks until pain, paresthesia, and panlym were severe.

Disability was protracted and recovery was incomplete-even after-alapse of
years [31, 32]. These symptoms resemble those of muitiple sclerosis, and
this has been confirmed by the finding of plaques of acute demyelination in
all parts of the brain of 2 man who died after ingestion of 2,4-D [33].

‘The formation and occurrence of tumors in man and other mammals,
such as rats and mice, is quite similar [11]. In tests undertaken to date,
it has been demonstrated that virtually every chemical which has’ been
found to be carcinogenic in man is also carcinogenic in one or more
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mammalian test animals. It has been shown that if these compounds will
produce tumors in one species, they will very likely produce tumors in more
than one; thus adding weight to any findmg of carcinogenicity in tests using
any mammalian species.

Sufficient documentation is available on qualitative extrapolation of
aninmal data that one must conclude that a finding of carcinogenicity in one
mammalian species should be deemed to have relevance for other mammalian
species — including man. This threat may not be manifested for up to 30
or 40 years, given the long latent period of many known human carcinogens.
Given the state of carcinogenicity testing and knowledge, there can be only
one safe tolerance for a carcinogen — an absolute zero tolerance — and the
only way a substance shown to be carcinogenic in test animals will not be
a threat to human health is simply to prevent that substance from entering
the environment. To the extent that it does enter man’s environment, it
will constitute a very real threat to his health.

Recent reports have described an increase of malignant neoplasms in
human beings exposed to phenoxyacetic acids. Humans exposed to
phenoxyacetic acids or chlorophenols showed an increased risk for the
development of soft-tissue sarcomas [34, 35]. Results also have indicated
that humans in contact with phenoxy acids may also develop malignant
lymphomas [36].
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