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ESTERONT 245
HERBICIDE

FOR THE CONTROL OF TREES, BRUSH AND BROADLEAF WEEDS
Low-Volatile Brush and Weed Herbicide for Industrial Vegetation Control, Fencerows, and Rangeland

! ‘ Ktfp nul of urACH or cun dbfn

CAUTION

ACTIVE ING REDIEN T 

2,4LJ

INERT INGREDIENTS:
2,4.5-Trichlorophenoiyacolic And Equivalent —

orr® **t Pound» por Gallon
E P A Registration No 46 1̂ E P A, Est. 4G4-MI-1

PRECAUCION AL USUARIO. Si ustcd no lec ingles, no u ie  e lle  produclo 
haita  que la etrquela le haya sldo oiplic.ida . implumente.
TRANSLATION: (TO THE USER: If you cannot read English, do not use this 
product until the label has been fully eiplalned to you.) r

PRLCAUTIUNARY STATEMENTS 
Hazards to H u m a n s  an d  D o m e s t ic  A n im a ls  

HARMFUL IF SWALLOWED • MAY CAUSE IRRITATION 
Avoid Contact w ith  SWm. Eyes, or Clothing 

Wash Thoroughly After Handling 
Statements ol Pm.t'i:.)! I ir-a'ii-i-ni

In C M S ol co ntact n'in-H.a'»* v i-v -s  m  »■» "• 1 - 1 «*. i'n  '> 1  i t M-i a’ ntipm-on if
r.*' 1 1'ivM^ H iy*ftMow»d im|,j. r> i '*• . ' . >>< 1 i * - i  ij' is s m  tit w b m  and

Sl-i knuj tt»f|r‘i drjiVM tlno.lt Cait ,1 pliyN'i' ll’ D' 1 ■ 1 • • ' - i ij-vi* .viytini't| hy moult' to
.11, uuron p h Y S ic t ,  0 ,  C h e n v c „, H H l 'n lt

Do Not Cut or Wold Cuntinner 
E n v i r o n m e n ta l  Hazards

io*-! io t sh Kf>ep e it  of i^kes c  1 Do '-a i  ai'p’y v ^e r* nmott i*
Do r ul r : in [^ ^ :r'jiM »v.itP' tjy r.* i- ' l-  D'»'i,r' i  01 ri Rpr.vii tjt * 8Mes Ho not

Tr> i prod n t . 
Mu-1* 1ü m tu'

<11 - i-rj 'o ’ 1 n 1 il

I1 cu e  o' an e^eiyency indanginng Ids qi 
prsparty tn»olving Ih.j produci c III coUlCl

517-636-4^00

AGRICULTURAL CHEM ICAL
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Drugs or Clothing
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,VV ESTERON 245 5 £
» HERBICIDE

directions ron use
« ■ «Mona« e l federal lew I» mm  IN« x X iit l «

Contains [Butoxyethyl Ester] of 2.4,5-T •  Acid Equivalent: 4 Pounds per Gallon

(SUEQR 2 4 tt( h x fe ic id i i t  ttc M N M n M  fe* M u U n ri w |H IW i i  eonhal, 
Im c x o w i, end rangeland. P o « •( m m  h i I——> Ion 4«. rig h ts  ef-avoy. a*
M IIW M .
T hie hwWdde eonbtoa harborawto end naedy plenta mdutong auch 2.4 0  ( « •  
IM I apaciee M  -  « h , Mack gum. k w iV N . g a n d c N iii, hewthwn. hweone«- 
S t. mapla. me «quite. oak. ow p a anQi . palm«wo. peiaon ivy. pnefclypew cectua. 
tadboy. atomwtowfy. aaioatgom . w ild  ttockbony. w ild  toaa. and cw tain «pecan 
o f Rfcea Do na« apply (S1E RON 124S whey# aptay d r ill m ay aom oci nearby 
1.4.1-T euacapUblo orapa oe M ka* daoboble p ionra m  m ay eontem lnetp 
w a te r attended fa r b rig o tfe n  a* damaaHo pw paaaa. Mood and M a p  ad 
Uaa fiiiiw d a w a  gkyoo an ride  labe l,

PREPARING THE SPRAY
Uao o n ly  d u d  od. Wo. 1 p  N o. I  fo a l od o r hero aa no a do ta  ad la  »at om -
in  an dad In  dm  apfoy m ia iu fo .
ON apraya: Add itm a  o m  la  the raptored « n o u n  «1 ad in  too «prey lank «  
miaing tank and aria dw eughly. ?Na minmr« can ba made a i any to o  bafor# ac­
tual uao and no aapatfpon w * gccvt Da not M  any watar. or od wooat m ature 
apraya gal Into too n n w  i*« * I or «no dm Irtaka d  owdura. a t d  may form  a 
•a i.
Wat«« Spray«: I I  d ia ad*ey land about dad M  w ild  ctaan wotar, add tdo ra* 
qukod amount o f atnw* in n  and complete W ng tdo lank. Mhi idoreugWy 
and cawhnue aphakan wdda «praying. C aution: Soo WOTS In  poragrapd on 
O d-W ater M la iu ro  Spr oya.
Od tWatov fd la tu ro  Sproya*. When rig  at  oua agdadon la uaad. \  gaken ad 

n tn w  i«ur w p «muddy up to  10 pedant o f od in  100 gedene o f «pray m laivro. 
fb a l. pram** rha d » 1"  w a  | and od In p oopomto contalnar Do not a low  any 
walar or ndadxaa containing wolar lo  gat Into Id# iw m  »«« j  or tha pramla. 
M  dm «pray land about had tud wdh wotar. Idan atowty aPd Ida pramla w ith  con- 
tmuou« agUadon and camplata fflkng id# tardi wdh watar. H tha grand« la put In 
Ida land w ithout any watar. tha drat watar adriad may form  a idled "k iv w f* 
Iwatar In adt emu Mon w hich wW ha hard to  kwad. Aa an adamato procedure, too 
od may ba addad a lta r tha . nuaw im r  h  miuad In tha watar; but NgMy 
r gw  Qua mechanical agnation la rayubrd and a poor am oh ion may ba.for mad. 
Tha prando mathad k  pmfarrad.
WOTS: I n tiw r rww b i wotar ar ad wutot «pmya forma on am Joan , not a «ok*- 
bon. and «operation may taka piaco utdoao apraya ora agitatad condnouafy. 
Mechanic «1 aphelion b  racommandad.

H IG H  VO LU M E SPR AYS
Saaal Sard T raatm ont: Brwah and a rrw l uaaa can ba cann adtd by «praying tha
baaai porta o f bruah aieme and uao trunk« tg  a haiqht  o f 12 to  IS archaa ham  tha 
groundkna. Uaa aetouoon of 2 gadonoof * n n m  n u t.b i lO O adtonall oUnktd 
godonal o f od. W ith cw ioin roabtant apowoo, 4 ga«ona o f im w  mat • in  HM) 
gad ana I I  p int In 3 gdinnal o f Od. la aflacduo. Aa only tha baaai pw tlona o f tho 
bruah wo traoiod on a apot botoa. tho to ta l omoont aproyod por ocro w ould no* bo 
e je c te d  to  enceed 100 gadono. Knapaach or pourac aqylpmant moy bo uaad, but 
eampbto waning o t tho Indicatad ama b  n u m ty. perhetoorty at dra ground 
b o . Thb moano «praying untd run-down or run o ff to  iho ground tno  b  
naiicaabb. Old or rough both roqubra moro apray than young or amcoth bark. 
1 r r i tira io H f in  ifttlriti* «  Apply at any dm *, todudtog tho wbnw month#. e*> 
copt whan «now. bo  or watar p a o n l «praying to  tha ground b o . O fton delayed 
roapwm  and k ia g  can ba aapecied.
D orm ant Bruah: Traai any dmo aftor bruah b  dormant and moot a t tho fodaga 
heotoeppod. Spray ahatdd ba concanpaiad a t d ia baaa o f erame and m a ilild n rt. 
Iho uppw porta a t tha atom# should ba braadf at aprayad anaugh to  wot toam.

vi«4>b Rha 1 1/2 gadona o f i in o u m 'K ^ t d M t d o l Bruch o f average 
denpty and 4 to  S tea l high may take up to  ISO gadona o t cprky nuctura pat art# 
S tum p T rpatm ani: Whom growth a  mot« than d to  •  faat tad, cut t i ctoca to  lito  
ground and eway tha f»a«My cut itum pc and itu b t wrth )  pedant to wnaw in n  
24$ in  100 gadona I I  pm  at 4 oakontl o fod. tnwed thoroughly, fo r mot« r«c«ci«nl 
apaewa. wee4 gePonetol <*•*•«■ n u t m |00 ga«nna (1 purl in  3 gadona) o l od 
W at thoroughty adaapoaad bark, aa wad aa cut cwlacaa Thra m eat* apreymg un 
W tun denno* run oH to tho ground know nohcaabia Old w  tough bark u o n il 
more apray vokm a than young or emooth bark Apply at any uma. ncludm g 
w m o  month«, n e rp t whim ba. «now w  watar prevent «praying to  tha ground 
Ino  Boat tatuha are ebtamad on haatdy cut ctwmpa tw o mchaa k io u  w  larger 
AdaguaN covoraga nwmady taguaat  horn 14 to  100 gadona pat acre depending 
on danady o f «tump« and a tuba.
’ • » iT  T roatm onf. fo r large traac. make a dngb hack gktda w  " k d 1 n t over 
bppmg am  cut« compbtaiy around tho u«o aa cloae to  lha ground aa IcauMa 
Spray tho ltd  thorougMy uatng a n u tu ra  o f 2 gadona of cettrw r*M , n  ioq 
gadona 11/2 pirn w 3 gpionel o i ad — .
S pot Tobago Trootmon«: Uao t/4  pmi o f lin e n  m u  n  )  gadona o f watar 
and apray to  wot ad I phage, rhoou. atama and bwk wnnouf m noii

LOW  VO LU M E SPRAYS
Apply low  «duma apraya conlaowig lttl« w  1 whan i  oh ago a  wad 
devalopad and pianta ar« actwaty growing f  w  bact raauha on woody apaewa. aod 
memtura «hould ba tu llc a d  to  pronwt# lokat growth Spraying dunng prolong 
od hoi. dry woathat w  altar laauaa havo leal ih p  normal graan color and vigor 
may not grvo aalraiaciory control Apply low vokima aprpya by an or ground 
aqgom w t only whan apray d>di « 4  not ba a problem -  not« uaa precaution« 
Saaal Treatm ent Uatng Pawarad Knapaach Spray ar-M <a I 1/2 to 2 gadona 
of l in g i N M  w rth fu a lo ilw  kwoaana to make 30 gadona o l to ta l apray aokr
don. Appry wnn a partabb knapaach mufelow«» to ad to n  o f towar bruah atam« 
inciuckng tha root cedw. Good cwrwaga of tho root coda* a  «»«antral lu r boat 
raaulu Sun m utbbwat a i 1/4 to  1/2 throtda Iw  bact apray dahvary and 
covoraga. fw  m i« d w a  W h contro l uao a baaai not da attachment and do not 
rokao n o rth  above Pie hontontai paamon

A IR  A PP LIC ATIO N  SOM BRUSH CO NTROL 
Concuh lha A grbu itutp  (apw im anl S ukon, your local Eotonaion Sorwca Woad 
or Rang« apeclehafa fw  baal dm# to  treat and need tor ra treatment m your waa. 
Oo not uao hem aartv boo l to  « A  «tag# whwa graaa aaad producuon a  dawrad 
M aagulto: Uaa 1 pm tm toa  to n  phis 1/2 to  I gedon e l o f in enough water to 
make 4 gadona of total apray par acre Apply 40 to  SO day« a ltw  Ivat h a m

■ M w , M :  I ta  1/1 M I  I m
« iw  to  make 4 pedona o f to ta l a p r^ ftw  o u t 
S lack|ock Ooke: Uaa 2 guwta o l lit i* «  in a i 

>etor to make 4 to  S gadona o f to ta l apray par aa

«too g ra y  Sta ground am# to  conoto amad m ol «ochare S tai may no i bo f addy

pba I  gadon or o4m 

pkra I  piden o f o4« i

USE PRECAUTIONS
N oto: Oo not gram dairy «idmeb an treated worn wrthm S weak« a ltw  appkea- 
don Oo not grata meat atom0d an treated warn w*hm  2 weak« o f atoughia». 
AVO ID CONTACT W ITH 2.4.S-T SUSCCPTISIC CROPS AND OTHER 
DESIRABLE S R O AD LIA* P L A N T S -tiu w a  tt ta p ' H o b c to  a  «tpmou« to 
moat broodtoto planta. Thwtowe. do not apply dwacdy to  w  otherwua pormit 
oven minuta amount« ra contact cotton, grip««, tobacco, h in t baaa. vegetable«. 
Nowata, omemonuie w  other deair able plant« «uac«pi44a to  2 .4 >  T. Oo not uaa 
In or new a gteenhewao.
DO NOT APPLY fN  THE VIC IN ITY OP COTTON. ORAPSS. TOBACCO. 
TOMATOES OR OTHER D fttR A O U  3.4.S-T S U S C tP TIS Ll CROPS OR 
ORNAMENTAL PLANTS.

OO NO T SPRAY W H E N  W IN O  IS  SLO W IN O  IO W A R O S  S U S C lP T IB IC  
CROPS DR O R N A M E N T A L P LA N TS
A V O IO  SPRAY ORIPT •• Appar.a ivm t thouM  tv* n u i r  >v<h whun Sun* * t no 
h i jM d  liirm  ao*«r •«4t tmea vary m w 4 u u » < iiir>  «ri w lvch  may run Iw  « «
toe. may aavaraty vi|w<« auacairl4ilv u o im  rtwrvui Irn lh  <piHvw«g arto drvmant 
parwda Uaa c o u w  apraya to  m m m /1  ( lu ll u r  u. unthH « l * c n t  m r i l v  to n rk  
don«. I<«to »pray droplata moy d n tt a nula w  miv a  Tha gu a y  ttur karung «gam. 
HALCO TROL*. may be uaad w ith  due product to  « 4  v i m liK m g  apra« p i l i  H 
uaad Iodimv ad uaa lecommendahone and prrCMrtuma rut thr- |uod ucl h i d  
'H ALCO  f  ROL fiadantarh o l HALCO Chanuc to Company 
G R O U N D  EO U IP M E N T -  W ith  g«o»md tq u t im tn i.  apray d » li edn ba h u i w d  
by keeping I he apray boom  aa tow aa poaa44v. l y  « p l f N  K  gadona w  mora to 
apray pur acre, by ua**g no more than 20 p u u iu h  aprayvui i m w i  w ith  ta iga 
dr optai producaig o o / rh  Ipa . by apraymg w han w tru l vetneiiy n  •  m in  bar hour 
w  lea« Do nut apply * n h  hgdow con# type Vtsn I>c«te w  Ottv-r m i i l k t  that p in  
d u ta  a Ima W ratlrt ituay
A E R IA L  A P P LIC A TIO N  • W ith  aucra ll, d u ll ta n  Iw  ip t u t e i l  by t m h " * i i  a 
coarta  «tuay. by u«mm|  «u i mora than 20 ponnrh  atway iN n u i i r  a t tha nr»«/M% hy 
uautg >i<ayhl a i'ta m  o o /r t-»  duat tad tha rgh t Itar k by u tm ii a apray Inum« no 
lung#« itw rt J '4  the w ntg tita n  o l lha a u u a ll a » l  Iry aiu.iyrng «uVy fytwn avuto 
vvhwtly i t  k - i t  than 6  mph
OO NOT APPLY BY A IR C R A FT W H E N  A N  A IR  TEM PERATURE INVER 
S lO N  EXISTS Such a cortortton «  charattarw i-rl Iry k l l l r  tu «ki w au l arto w ith  aa 
la m p w a iu f  hmvai near tha ground than «I tu g lw  h to k  1*v- u u  to  a COnluurow« 
«moka colum n at w  near p i t  o f appheabon I* p rg g a tlrd  to  uulrta ia rdrar tnur ro d  
velocity o l aa movement, and to  Huhcete a len^waatme vt«r-v«in by laymaui to 
the amok«
A t »ugh lemparaturea vapora horn th n  prudui I may vyuto «uacepd
to« pianta grow ing nearby D o not uaa m ru near « grrenhoo«« l i c n w n  
amount« o l thr« h a rtx to a  in  the ao4 may lamptMardy nrtrOut p-ad gemuneimn or 
plant g row th
Oo not u*a «round the hum«, tacraalron area« ih  «mutar p ira
Tho product «  to«« te  Irah Keep ou t u t trae*, alraamv artopuruM D o nut to n
tammaia water by ctoarung to  «augm ent or ttopoato to w j t i r t
Oo no t ron larw naie vngahon rktciw« o* watar uaad lo* u r^a im n  o> t o n t i «  pta
poaaa Th«a product can b a a tw td  m a n  unhealed buwdng hut 4 eapoaad io  aub
Iraapng lamparaluraa. «hould ba warmed lo  a l b a s i 4 0 " f arto o va tti thrururghN
b a lw a  uamg Do no i a im « n«ar la r lA /a t l.  i m h  maeclnutpa w  hm gwtoet Do
no t rauaa con iam e li To avoid « v t  H> deantoiie pianta, do  not atw«. »remit« or
apply o»ha* agrwuMurto t h t w t d i  w ith  ih r  aama cnniamerk nr awapmara uaed
w ith  11*1*9« f i t t i  a«cepl aa apatrlw d on  l»ua ttoato 
W tr*fw o w o o ra ftL in g_con;a»r*art  and dwpoao ut waata Iry Uaym p m_ 
landa away Irom  w a ic t*23ppd«i Eani i— n  
ho ta i m them and tn ry-~H aa ik  n a rra  il IM iiT i o li« :

lo c a l comkiione m#y «Heel the use to  hw betoas C om uh you* State Agncuhurto 
(•p w v n a n t S tation w  (a tenpo rt Sorwca woad ap a tto rtt Iw  to u t«  m atlacim g 
baatmanta Item  tlu» («pat to  beai h i local com kiw na Sa ama that uaa to  tout w o  
due l conlorm a to  « • appkeahto ragutanona. Aptdy ttv« p roriucl otoy H  apat4««d 
on ttu« label
NOtiCC Seto* wwranta that the product cotowww ra aa ( h m  to P t n a iw  t t o  •  
raatonaiey M lor thapurpO M aiatadonm cbbatw Aanuam lm actw itam am toitoeciw o 
under normal canduon* «I uva. but netora» l»w wwtatoy t o  any ether mwiatoy al MCR 
C H A N tA th liy  ON flTN IS S  »OR A PANTtCDlAN FUMOSE t * * —  w  WwUd aa 
tend* ta the uaa to dm produci contrary to  UOW mahutHona. ar under aonmndt emu# 
Pena, ar vndp canto tona nw  rawanakh  tw a w ito u  to aa iw . and buyer aaatmar i h t o  
to  any auch vaa
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Tr,e Journal o( Heredity 73:324-226. 1982.

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

C. Korte and S . M. Jaial

a b s t r a c t :  Potential lor genetic damage in future gen­
erations from such widely used hormonic herbicide as
2.4-0 (2.4-dichlorophenoxyacetic acid) is of serious 
concern. Yet the data, particularly on mammalian sys­
tems. continue to be inadequate and inconclusive. An 
ar.emot was made in this study to determine the cias- 
togenic and mutagenic potential of 2.4-0 in cultured 
lymphocytes. Chromosome damage though statistically 
insignificant occurred at dosages as low as 0.2 /rg/ml. 
Chromosome damage was increased at a statistically 
significant level whenever the concentration was SO 
pg/mf or higher. Mutagenicity, based on rates of in­
crease in sister chromatid exchanges, was significant 
at 10 pg/ml or. higher concentrations. Statistical testing 
was based on analysis of variance. Ounnett's multiple 
comparison tests and linear regressions. It seems im­
perative therefore to avoid indiscriminate use of 2.4-0. 
and lo test the compound for long-range low-level ex­
posures.

C ^

FIGURE 1 2.4-0 treated human lymphocytes..
fragment. C— chromatid deletion, isuchromatid 
deletion.

4—chromatid gap. B—chromatid gap and a chromatid 
fragment and chromatid gap. D— large isochromatic

AN' e s t im a t e d  400 synthetic chemicals have 
been used in agriculture since the 1930's to con­
trol weeds, insects, rodents, and pathogens. Until 
recently, the most widely used herbicides were
2.4-D (2.4-dichlorophcnoxvacctic acid) and
2.4.5- T (2.4.5-trichlorophcnoxy acetic acid). 
L>DT (dichloro-diphcnvl-trichlorocthene). a 
chloronitcd hydrocarbon, was the most abun­
dantly used insecticide until its ban in the 1970's. 
Although 2.4.5-T is prohibited from use in the 
United States (its use in limited amounts has 
been permitted). 2,4-D continues to be used on 
a large scale.

Plant auxin analogs (2,4-D and 2.4.5-T) arc 
hormonic herbicides that at lower dosages act as 
growth regulators- much like the plant auxins. 
At higher dosages, however, they induce potent 
hcrbicidul effects. Agent Orange, an effective 
defoliant used in the Viet Nam conflict was 
composed of 50 percent 2.4-D and 50 percent
2.4.5- T“ . |i  is clear from an HEW report12 as 
well as the monograph o f Epstein and Legator7 
that the vast majority of testing for genetic 
damage has been conducted on microorganisms.

The authors arc. respectively, associate professor of 
biology.St. Mary's College. Winona. MN 55987:and
professor of biologv. the Universitv of North Dakota, 
Grand Forks. ND 58202. \
■S 1982. American Genetic Association.

insects, and higher plants. The trend seems to 
continue in recent years9-21.

2.4-D must be potent biologically to effectively 
defoliate in a matter of a few days after surface 
contact. Although reports abound on its cytotoxic 
effects on a variety of organisms, assessment of 
its potential for genetic 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 to 2.4-D in cultured human lymphocytes.

M aterials and M ethods

Lymphocyte culture from four male subjects 
was based on the standard whole blood culture 
technique1 '. Solutions o f 2.4-D in ethanol were 
prepared in eight concentrations (0.2.2.0,10.0.*  
20.0. 30.0.40.0, 50.0. and 60.0 g /m l) so that 
equal volumes o f ethanol could be used for 
varying amounts of 2.4-D. Two controls were 
used, one with ethanol and the other without any 
treatment After 20 hours of incubation of 02 ml 
of whole blood in 5 ml of the culture medium at 
37°C . one fit o f various dilutions of 2.4-D in 
ethanol was added to the culture. Incubation 
continued for another 48 hours. Air dried slides 
were prepared following hypotonic solution 
(0.075M KCL) and colccmid (0.04 pg/m l) 
treatments. The slides were stained in 6 percent 
Giemsa in phosphate buffer (pH 6.8—7.0). Data

were taken on chromosome aberrations based on 
200 well spread cells for each treatment and for 
the controls. To eliminate bias, labels were dis­
guised until the complete set was scored. A sep­
aration greater than the width of a chromatid was 
termed a deletion or a break, and a discontinuity- 
less than the width of a chromatid was termed a 
gap. Mitotic indices were based on 1000 ceils.
The results are based on four separate replica­
tions. one each for each 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 cultured 
human lymphocytes. The procedure adopted is 
a slight modification of Korenberg and Free- 
diender14 method. Lymphocytes were cultured 
in vials that had a wrapping o f black cloth to 
protect photosensitive 5-bromodeoxyuridine 
(DrdU). Ten jig/m l of-BrdU was added at the 
initiation o f the culture. This insures BrdU up­
take for two cell cycles since thymidine uptake 
is known not to occur in human ¡lymphocytes in 
culture for about 24 hours. Harvesting of cells 
after 68-72 hours was by standard procedures.
The air dried slides »  ere left in open slide boxes (y 
for 2-3 days in artificial light to improve the ( y  
resolution o f SCE. The slides were then passed 
through 50 percent acetic acid at 37*C for two y .  
minutes and rinsed in distilled water. They were J I 
then gently immersed in phosphate buffer (pH LJ 
8 .1 ) at 82-89*C  for 12-15 minutes, allowed to f

f  .■«» p . j0 0 0 7 3 3 2
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FIGURE .3 Five sister chromatid exchanges (SCE) induced in human lymphocyte cultures.

to the mt-tagcnic effect of the compound. The 
proportion o f SCE increased with the increased 
concentrations o f 2.4-D. The Dunnclt's multiple 
comparison test (Table II)  indicates significance 
at each concentration level from I0 Mg/ml and 
higher, compared w ith the controls. There was 
no significant difference bctw-ccn alcohol treated 
and untreated controls. The average SCE rales 
o f 6.14 in controls in this study is quite similar to 
those reported by others. The analysis o f variance

Table II. Rates o f sister chromatid exchanges 
in human Ivmphocvtes at various concentrations 

‘ of 2,4-D

Ccnccntr. (Mg/’ml) 
of 2.4-D

No. cells 
examined

Mean no. SCE 
per cell

0.2 9 6.44
10.0 17 9.59*
20.0 17 9.71*
?0 13 10.23*
40 9 12.44*

50.0 II 12.73*
60.0 8 9.25*

EtOH 15 7.67
No inj 14 6.14

CD* 2.28
CD plus EtOH + no inj mcan: 
F value*

9.19
19.78**

* Significant at P  0.05 
** Significant at P  0.01
’ Critical difference by which treatment group must 

exceed control group to be signilieantly greater ac­
cording to Dunnclt's test

1 Minimum value that is significantly greater than 
comrol tobtaincd by addingcriticaFdillcrcncc to mean 
of two controls) "

I From the analysis of variance of SCE on 2.4-D 
concentration: with.7 and 90 J f.  significance at ^0.01 
-  2.84

2 2 6

between treatments and controls was 'night;, 
significant. Nicholas et a l." ' reported a signifi­
cant increase o f SCE in cultured human lym ­
phocytes at 5 ms/ ml for an organophosphate. 
malathion (a pesticide). Our study clearly indi­
cate that SCE rates are significantly higher at 10 
Mg/ml or higher concentrations o f 2.4-D.

A t the lowest concentrations of 2.4-D (0.2 
Mg/ml) cross banding patterns similar to G bands 
were observed although the chromosome aber­
ration levels were not significantly different from 
the controls. Mutagens at low-concentrations are 
known to induce chromosome banding*1'. The 
induction o f banding may occur by their inter­
ference with macroprotein biosynthesis in the G2 
phase o f the cell cycle1.

Because of the potential for genetic damage, 
concerted efforts to carefully test and restrict the 
use of such compounds as 2.4-D is desirable and 
timely. 2.4-D is one o f the most widely used 
herbicides and consequently it is present (0.001 
mg to 0.004 mg) ir. dietary oils, fats and sugar 
products1’ . In a U.S. geological survey monitoring 
streams in the western United States from 
1966-68. 2.4-D was to be the most frequently 
occurring herbicide11*. Our results indicate sta­
tistically significant increases in sister chromatid 
exchange rates at 10 ftg /'m l or higher concen­
trations. The chromosome damage reported here 
arc conservative estimates since the data were 
taken after 48-52 hours o f treatment by w hich 
time severely affected cells may not have sur­
vived. Even though a statistically significant in­
crease in damage to genetic material occurs at 
relatively high dosages, the results clearly suggest 
caution from indiscriminate use o f 2.4-D and 
indicate the need fo r further investigation, par­
ticu larly on the consequences o f long-term low- 
dosage exposure (such as to the nervous 
system).
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APFLICATCK EXPOSURE TO 0 , 1 - 0 ,  DiCAHEA, ASD A lOOXtE

Key Words: Dicamba, 2 ,4 -C ,  A p p l ic a to r  e x p o su re ,  r o m u l e i

W'.I; . D raper  and J .C .  S t r e e t  

T oxico logy  Program
Department o f  Animal, D airy ,  and V e te r in a r y  Sciences 

Utah S t a t e  U n iv e r s i t y  
Logan, Utah 34 322

AECTRACT

P o t e n t i a l  r e s p i r a t o r y  and derm al exposure  to  a p p l i c a to r s  

were e s t im a te d  in  a ground boom sp ra y  a p p l i c a t i o n  o f  2 ,4 - D and 

dicamba- T im e-w eigh ted  a v e ra g e s  f o r  a i r b o r n e  h e r b ic id e  re s id u e s  

did not exceed 2.2 ug/cu.m. in  the  cabs o f  a p p l i c a t i o n  v e h ic le s  

a l lo w in g  on ly  m inor r e s p i r a t o r y  exposure .  Dermal exposure was 

im p o r ta n t  as  r e l a t i v e l y  l a r g e  amounts o f  2,4-D (1.2 -  1S mg) and 

i i c a n b a  (0.32-6.6 mg) were r in s e d  from a p p l i c a t o r s '  hands. Urine 

a n a l y s i s  showed t h a t  the  maximum e l i m i n a t i o n  o f  h e r b i c id e s  occur­

red between 16 and 40 h a f t e r  t e r m i n a t i n g  exposure .  A dicamba
| £
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3 2 2 DRAPER AND STREET APPLICATOR EXPOSURJ

O
o

isom er  (2C't' o f  the a c t i v e  m a te r i a l  ir. th e  com m ercia l  f o rm u la t io n )  

was ex c re te d  in  h ig h e r  c o n c e n t r a t i o n s  than dicamba in  a p p l i c a ­

t o r s '  u r in e  su g g e s t in g  d i f f e r e n t  t o x i c o k i n e t i c  p r o p e r t i e s  f o r  the  

two compounds.

Il.TfcCLUCTiC.'.

I . ix tu re u  o f  2 , i - Z  ar.d dicombi. arc; used w ide ly  f o r  c o n t ro l  o f  

g o a t s ru e ,  Ctr-jce t h i s t l e ,  p r i c k l y  l e t t u c e ,  and o t h e r  noxious 

weeds in  hay anc g r a s s  p a s tu r e s .  Crour.n a p p l i c a t i o n  ir. p r e f e r r e d  

a s  i t  improves ac cu racy ,  m in im izes  d r i f t  o f  h e r b i c i d e s ,  ana 

r e q u i r e s  l e s s  p e s t i c i d e  ir. a r e a s  o f  s p a r s e  weed i n f e s t s t i o n .  The 

ac reage  thus t r e a t e d  f o r  weed c o n t r o l  i s  e x t r e m e ly  l a r g e ,  p a r t i ­

c u l a r l y  when r e l a t e d  to  th e  t im e-consum ing  a p p l i c a t i o n  methods 

employed. For t h i s  rea son ,  a p p l i c a t o r s  cay  work th roughou t a 

season  on one weed c o n t r o l  p r o j e c t .

The o b j e c t i v e s  o f  t h i s  s tu d y  were to  d e te rm in e  to  what 

e x t e n t  e p p l i c a t o r s  in  d i f f e r e n t  jo b  f u n c t i o n s  were exposed to

2 ,4-D and dicamba in  a “boomspray" h e r b i c i d e  a p p l i c a t i o n .  Expo­

s u r e  was indexed by u r in e  a n a ly s e s  and th e  im p o r ta n c e  o f  d i f f e r ­

e n t  exposure  r o u t e s  was e s t im a te d  by m e asu r in g  a i r b o r n e  r e s id u e s  

w i th in  th e  a p p l i c a t i o n  v e h i c l e s  and r e s i d u e s  on s k in  s u r f a c e s .  

The r a t e  o f  u r i n a r y  e l i m i n a t i o n  o f  t h e s e  compounds was o f  p a r t i ­

c u l a r  i n t e r e s t  a s  p r e l i m in a r y  s t u d i e s  on 2,4-D in d ic a t e d  a le n g ­

thy p r o c e s s .1 The d a ta  o b ta in ed  i n  th e  p r e s e n t  s tu d y  may be 

u s e fu l  in  e v a lu a t in g  how exposu re  to  th e s e  c o m m e rc ia l ly  im p o r ta n t  

p e s t i c i d e s  can  be m in im ized ,  a  d e s i r a b l e  g o a l  i n  view o f  the

r>3
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* AND STREET

p o t e n t i a l  f o r  c h ro n ic  exposure  o f  a p p l i c a t o r s  a t  c e r t a i n  tim es  of 

t h e  y e a r .

lxpzrikzutal

H e rb ic id e  A p p l ic a t io n .  The a p p l i c a t i o n  s i t e  was a 42 ac re ,  

mixed n a t u r a l  g r a s s  p a s tu re  in  N orthern  Utah being  t r e a t e d  to  

e r a d i c a t e  g o a t s ru c  (Calega o f f i c i n a l i s  1.) on 15 J u ly ,  1980. 2 ,4 -  

d ic h lo r o p h e n o x y a c e t ic  a c id ,  (2 ,4 -D ,d im e th y la n in e  s a l t ,  4 lbs  

a . i . / g a l . ,  U n iv e r sa l  C o ope ra t ives)  and 3 , 6 - d i c h l o r o - 2 - m e t h o x y b e n -  

z o ic  a c id  (d icam ba, d im e thy lam ine  s a l t ,  4 lb s  a . i . / g a l . ,  V e ls ic o l  

Chemical Co.) were mixed w i th  w a te r  in  tank t ru c k s  a t  the  r a t e  o f  

2.5 and 1.0 g a l /2 0 0  g a l . ,  r e s p e c t i v e ly .  Two tank  t r u c k s ,  each 

f i t t e d  w i th  boon j e t  n o z z le s ,  a p p l ie d  the  h e r b ic id e  m ix tu re  in  17 

m sw a th s .  Vhere th e  t e r r a i n  was im p a ssa b le  (e .g .,  i r r i g a t i o n  

d i t c h e s  o r  wet a r e a s )  w orkers  a p p l ie d  the  p e s t i c i d e s  on fo o t  

u s in g  hand guns fed  from th e  t ru c k  tanks.

Each t r u c k  was o p e ra te d  by a d r i v e r  and a sp r a y e r .  S p ra y e rs  

were r e s p o n s i b l e  f o r  a l l  h e r b i c id e  mixing, lo a d in g ,  and hand­

sp ray in g .  One crew ( o p e r a t i n g  v e h i c le  A) had n o t  been exposed 

r e c e n t l y ,  b u t  th e  o t h e r  crew (o p e r a t in g  v e h i c l e  B) had been 

working f o r  s e v e r a l  weeks on a d a i l y  b a s i s  w i th  t h i s  h e r b i c id e  

m ix tu re .  _ A p p ro x im ate ly  5*5 h was r e q u ir e d  to  com ple te  th e  a p p l i ­

c a t io n .  Crew A d id  n o t  ap p ly  p e s t i c i d e s  a g a in  d u r in g  th e  course  

o f  th e  e x p e r im e n t  w h i le  crew B con t inued  r e g u l a r  d a i l y  sp ra y in g  

o f  t h i s  m ix tu re .
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3 2 4 DRAPER AND STREET

Cam pi in g . H igh-volume a i r  s a m p le rs  wore coun ted  in  the  cab of  

each t ru ck  n e a r  the  a p p l i c a t o r ' s  b r e a th in g  zone to  c o n t in u o u s ly  

m o n ito r  a i r b o r n e  r e s id u e s .  Ctaplex- "o d e l  TF1A sa m p le rs  drew a i r  

through  an a d s o rp t io n  t r a i n  c o n s i s t i n g  o f  a g la s s  f i b e r  f i l t e r  

(o u te rm o s t )  and a p p ro x im a te ly  120 ml o f  p r e e x t r a c t e d  XAD-4 macro- 

r e t i c u l a r  r e s i n  in  a 1.8 cm bed. P a r t i c u l a t e s  were trapped  w ith  

the  g lu s s  f i l t e r  tnd  vapo rs  were sorbed in  the  r e s in .  Flow r a t e s  

were c a l i b r a t e d  u s in g  in s t r u m e n ts  s u p p l ie d  by the  m a n u fa c tu re r .

At the  co m p le t io n  o f  th e  h e r b i c id e  a p p l i c a t i o n ,  derm al r e s id u e s  

on the  hands o f  w orkers  were removed by thorough r i n s i n g  w ith  95i- 

e th y l  a l c o h o l .  F i r s t  void  u r in e  sam ples  were ob tu in e d  on the  

morning p r i o r  to  th e  ex p e r im en t  and on each morning f o r  th r e e  

days f o l lo w in g  th e  i n i t i a l  a p p l i c a t i o n .  Urine spec im ens ,  hand 

r i n s e  s o l u t i o n s ,  g l a s s  f i b e r  f i l t e r s ,  and XAD-4 r e s i n  were s to r e d  

in  g lu s s  j a r s  w ith  m e ta l  f o i l  l i n e r s  a t  -5® C u n t i l  chem ica l  

a n a l y s i s .

A n a ly s is .  U rine  sam ples  were an a ly se d  w ith  a m u l t i r e s i a u e
2

pro ce d u re  d e s c r ib e d  in  d e t a i l  e l sew h e re  , sam ples  were s u b je c te d  

to  h y d r o ly s i s ,  a c i d / b a s e  p a r t i t i o n i n g ,  d e r i v a t i z a t i o n  w i th  e t h e r ­

e a l  d iazom ethane ,  and q u a n t i t a t e d  by e l e c t r o n  c a p tu r e  gas chroma­

to g r a p h y  (EC-GC). 2 - ( 2 ,4 -d ic h lo r o p h e n o x y ) - p ro p a n o ic  a c id  (2,4-DP, 

0.10 mg/L} was added i n i t i a l l y  to  each sam ple  a s  an i n t e r n a l  

s ta n d a r d .  C a l i b r a t i o n  was by i n t e r n a l  s ta n d a rd  between the  l i m i t  

o f  d e t e c t i o n  (0.060 mg/L) and 0.2 mg/L and by a b s o l u t e  c a l i b r a ­

t i o n  f o r  the  more c o n c e n t ra te d  sam ples .  The p re se n ce  o f  th e

00073G 5
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m u l t i r e s i u u e  

were s u b je c t e d  

ion  w i th  e t l i e r -  

u re  gas  chroma- 

i c  a c id  (2,4-DP, 

n i n t e r n a l  

tween the  l i m i t  

o l u t e  c a l i b r a ­

t e  o f  the

h e r b i c i d e  component s  it .  s e v e r a l  o f  t he  u r i n e  s am p le s  was v e r i f i e d  

by CC-coup iec  mass s t  e c t r o n e t r y  (SC-IiC).^ L ' r innry c r e a t i n i n e  was 

de tor s>ined c o l o r i m e t r i c a l l -j.J

C la ss  f i b e r  f i l t e r s  were e x t r a c t e d  w ith  ace tone  f o r  1. ir. a 

E cxh le t  a p p a ra tu s  and th e  e x t r a c t  was reduced j u s t - t o - d r y n e s s  on 

a r o t a r y  e v a p o ra to r .  The r e s id u e  was d e r i v a t i s e d  w ith  e t h e r e a l  

d iazom ethane,  c o n c e n t ra te d  un d er  a stream, o f  d ry  n i t ro g e n ,  tr.d 

d i l u t e d  w ith  hexane b e fo re  ZZ-CC q u a n t i t a t i o n .  XAD-4 r e s in  was 

C o x h le t - e x t r a c ic d  with  a c e to n e  f o r  4 h and the  r e s id u e  o f  the 

co n c e n t ra te d  e x t r a c t  wan suspended in  50 ml o f  d i e th y l  e t h e r  and 

e x t r a c te d  w ith  25 ml o f  0.05 JJ sodium hydrox ide  and 2 x 30 ml o f  

i,,. sodium b ic a rb o n a te .  The aqueous l a y e r  was a c i d i f i e d  with  

co n c en t ra ted  h y d r o c h lo r ic  a c id  and e x t r a c t e d  w ith  2 x 50 ml of  

d i e th y l  e th e r .  The e t h e r  l a y e r  vus d r i e d  (sodium s u l f a t e ) ,  

c o n c e n t ra te d ,  d e r i v a t i z e d ,  and q u a n t i t a t e d  a s  above.

E th a n o l ic  hand r in s e  s o l u t i o n s  were c o n c e n t ra te d ,  d e r iv a ­

t i z e d ,  and d i l u t e d  w ith  hexane b e fo re  EC-GC a n a ly s i s .  Dicamba 

and 2,4-D were recovered  in  h ig h  y i e l d  a f t e r  f l a s h  ev ap o ra t io n  o f  

the  s o l v e n t .

Two d im e n s io n a l  t h i n - l a y e r  ch rom atography  (TLC) was used to  

examine a i r b o r n e  r e s id u e s .  M e th y la ted  e x t r a c t s  were sp o t te d  on 

20 x 20 cm f l u o r e s c e n t  s i l i c a  g e l  p l a t e s  und developed in  benzene 

on one a x i s  and h e x a n e - d ie th y l  e t h e r  (2 :1 ,  v /v)  on the  second 

a x i s .  S po ts  were v i s u a l i z e d  by quench ing  o f  UV l i g h t .

Dicamba f o r m u la t io n  a n a l y s i s .  The d i c a i t a  f o rm u la t io n  was 

f r a c t i o n a t e d  a s  f o l lo w s :  2 ml o f  th e  492 amine s a l t  were d i s s o l -

APPLICATOR EXPOSURE • - 325
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vcd in  zjQ ml o f  C-Gú i; sodium h y d rox ide ,  e x t r a c t e d  wit:.  L" x dC ml 

o f  c i t t h y i  e t h e r  (o rg a n ic  l a y e r  d i s c a r d e d ) ,  a c i d i f i e d ,  e x t r a c te d  

v i l i :  i  x 9C c l  c-f methylene c h l o r i d e ,  ar.d the  o rg a n ic  l a y e r  

c o n c e n t ra te d  tc  g iv e  a ye l low  o i l -  The o i l  war e s t e r i f i e d  with 

ml  o f  e t h e r e a l  o iazoxe thar .e ,  and O.'j Z £ o f  the  m ethy la ted  

m a t e r i a l  was s e p a ra te d  or,, a ¿C x T.T cm i ' i l icA K  (1QC-20C mesh) 

column w ith  b tuzene as the e lu a n t .  The i s o l a t e d  components were 

c h a r a c t e r i z e d  by mass s p e c t ro m e try  and p ro to n  m agne tic  resonance 

sp e c t r o s c o p y  (SMI). NEE s p e c t r a  were reco rded  on a J o e l  FX9GC,

90 m!iz, F o u r ie r  t r a n s fo rm  in s t ru m e n t  w i th  1il t e t r a m e t h y l s i l a n e  as 

th e  i n t e r n a l  r e fe re n c e .

A n a ly t i c a l  r e f e re n c e  s ta n d a r d s  o f  2 ,4 -E  and dicamba were 

p rov ided  by the Q u a l i ty  Assurance S e c t io n ,  U.S. E nvironm ental 

P r o t e c t i o n  Agency (Research T r i a n g le  P ark ,  L'.C.). P e s t i c i d e  

r e s id u e  g rad e  s o lv e n t s  were used and d iazom ethane  was p repared  by 

a l k a l i n e  h y d r o ly s i s  o f  l i -m e th y l- fJ -n i t ro so - jv - to lu e n e su l fo n a m id e  in  

a d i s t i l l a t i o n  a p p a ra tu s  des igned  f o r  t h i s  pu rpose  (A ld r ich  Che­

m i c a l  Co.) .

RESULTS AND DISCUSSION

D icanba F orm u la t ion .  The p r e p a r a t i v e - s c a l e  f r a c t i o n a t i o n  o f  

th e  f o rm u la te d  d ic a n b a  p ro d u c t  y ie ld e d  two m a jo r  components: 

m e thy l  dicamba [MS(70eV) n / c  203 (b a se ,  CgH5Cl202 , 234 (20 Í.  K*), 

U30 ( 3 0 Í ,  C7 H2 C120 2 ) ;  HK3 (CDClj)  d 7-36 ( d , 1 . 0 2 ,  p h e n y l ,  

J«a.79Uz), d7 .10 ( d ,0 .9 7 t ! , p h e n y l . J - 6 .7 9 U x ) ,d 3 .9 6  <s,2.99.CCGCh5) ,

U0Ü7Ü67
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eu x ¿C ."1

i f i e c .  e x t r a c t e d  

i c  l a y e r  

e s t c r i f i e d  wit):

; s e t ) ,  v i a  ted 

»'loo-zee aesh) 

coupcn ects  were 

• ;c e t ic  resonance 

t  a  J c c l  F X 9 0 ; .  

- a s e t h y l s i l a n e  es

a i c ^ - b a  were 

n v iro r .cen ta l  

P e s t i c i d e  

was prepared by 

l e su l fc r .a n id e  in 

i (A ld r ich  Chc-

r a c t i o n a t i o n  oT 

omponents:

234 (20i .  X*),  

p h e n y l ,

j,2 .99 .C C 0C li3 ) ,

d 3.91 ( s , 3.01, OCH-j)] and a m e th y la te d  i s o m e r  o f  dicamba [>'S(70 

eV) m /e  203 ( b a s e ,  Ce K5 C l2 02 ) .  234 ('50%, K + ) ,  188 (302 ,  

C7 H2 C12 02 ) ,  173 (2 0 2 ) ,  201 ( 6 0 2 ) ;  NKR (CDC1,) d 7 .67 ( d ,  0 .9 3 4 ,  

p h e n y l ,  J - 2 .6 4  H r) .  d7.53 ( d , 0 .8 8 7 ,  p h e n y l ,  J - 2 .6 3  H r) ,  d3-923 

(s ,2 .8U , CGOCH3 ) .  d3-916 (s,3.30,OCH3 ) j .  The i s o m e r  was more 

p o l a r  th a n  dicamba e x h i b i t i n g  a m o b i l i t y  o f  0.8 ( r e l a t i v e  to  

d icam ba) on TLC p l a t e s  developed  i n  b en rene .  Kass s p e c t r a  o f  

bo th  m e th y la te d  compounds wore s i m i l a r ,  b u t  th e  NKP. s p e c t r a  

showed m a jo r  d i f f e r e n c e s .  The a r o m a t i c  p r o to n s  o f  the  isom er  

were f u r t h e r  dow nfie ld  by 0.37 ppm and th e y  e x h ib i t e d  meta sp in  

c o u p l in g  c o n s t a n t s  ( j"2 .6Hr). These s p e c t r a l  d a t a  i n d i c a t e  t h a t  

th e  c o n ta m in a n t  d i f f e r e d  from dicamba o n ly  i n  th e  p a t t e r n  o f  

a r o m a t i c  s u b s t i t u t i o n .  These f i n d i n g s  a r e  c o n s i s t e n t  w ith  t h a t  o f  

3 ,5 -d ic h lo r o -2 - m e th o x y b e n r o ic  a c i d ,  a c o n ta m in a n t  p r e v io u s ly  

r e p o r te d  i n  fo rm u la te d  dicamba.^ Based on a g r a v i m e t r i c  d e t e r ­

m in a t io n ,  th e  p r e s e n t  f o r m u l a t i o n  c o n ta in e d  d icam ba and i t s  i s o ­

m er  i n  a 5 .0 :1  r a t i o .

A irb o rn e  Residues .  H e r b ic id e s  w ere  d e t e c t e d  in  a i r  sam ples  

ta k en  i n s i d e  th e  t ru ck  cabs .  T o ta l  t im e - w e ig h te d  ave rage  concen­

t r a t i o n s  w e r e  0 .7 1 -1 .8  u g /c u .m . ,  C . I 8 -O .65  u g / c u .m . ,  and 1 .2 -2 .2  

ug/cu.m. f o r  d icamba, dicamba i s o m e r ,  and 2 ,4 -f i  r e s p e c t i v e l y .  In  

each c a s e  the. m a jo r i t y  o f  th e  p e s t i c i d e  was t r a p p e d  in  th e  g l a s s  

f i b e r  f i l t e r  i n d i c a t i n g  t h a t  a e r o s o l s  and n o t  t r u e  vapo rs  p redo­

m ina ted  (T a b le  1).

The g l a s s  f i b e r  f i l t e r s  used e x h i b i t  “good* t r a p p in g  e f f i ­

c ie n c y  f o r  p a r t i c l e s  i n  t h e  r a n g e  o f  0.01 t o  10 urn ( S t a p l e s  Co.
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BLE 1
A irborne H e rb ic id e  R esidues  in A p p l ic a t io n V e h ic le s (u g /c u .m. )

Sampling
i n t e r v a l

C la ss  F ib e r F i l t e r R esin

V eh ic le Dicamba isom er 2,4-D Dicamba Isom er 2,4-D

A(a) 4 C min C.C5 0.24 1 .3 0.24 (b) C.0'3(

A 140 0 .2 9  0 .07 0 .4 0 .04 <0.01 <0.01

A 80 1 .10  0 .35 2 .5 0 .1 8 (b) <0.02

B(d) b5 1 .£0  (b) 2 .0 0 .2 7 0 .0 c 0 .2 7

£ 95 0 .74  0.2Ü 1 .3 0 .1 9 (b) <0.03

E 30 5 - G 1.5 5-5 0 .33 0 .1 0 0 .33

a .
b.

Sampler 
Date not

flow r a t e ,  0.71 
a v a i l a b l e .

cu .m . /m in .

c .  :;ot d e t e c te d  ( i . e . ,  below the  e s t im a te d  d e t e c t i o n  l i m i t  
o f  1 .0  u g / r e s i n  sam ple ) .

d .  Sampler flow r a t e , -  0 .37  cu .m . /m in .

p roduct l i t e r a t u r e ) .  Dicamba appeared more v o l a t i l e  th a n  2,4-D 

as  g r e a t e r  amounts were p r e s e n t  in  th e  XAD-4 r e s i n .  The amine 

s a l t  f o r m u la t io n s  s tu d i e d  h ere  a r c  g e n e r a l l y  l e s s  v o l a t i l e  than 

low m o le c u la r  w e ig h t  e s t e r  f o rm u la t io n s  o f  th e s e  h e r b i c i d e s .

A irborne  h e r b i c i d e s  q u a n t i t a t e d  by EC-GC were confirm ed  by 

tw o-d im ensional TLC fo llow ed  by GC-MS a n a l y s i s  o f  th e  e l u t e d  

bands (F ig u re  1 ) .  The a i r  samples c o n ta in e d  a l a r g e  number o f  UV- 

quenching ( a r o m a t ic )  compounds a s  w e l l ;  th e s e  compounds were 

p robab ly  o f  n a t u r a l  o r i g i n .

D is lo d g e a b le  Dermal R e s id u e . H e rb ic id e s  were d e t e c t e d  a t  

r e l a t i v e l y  h igh  l e v e l s  i n  th e  e t h a n o l i c  hand r i n s e  s o l u t i o n s

0 0 0 7 3 6 3
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4 ^
CO
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FiCURE 1. A. 
in  a p p l i c a t o :

(Table 2 ) .  Cn 

and 0 .75  mg o f  

were epproxima; 

mixing, load ing  

S prayer  E e x h i t  

3 t im es t h a t  o: 

were a t t r i b u t e c  

the number o f  t 

min d u r in g  the  

S prayer  A s to p p  

S prayer  B only  

with which r e s i  

known, n o r  i s  t  

ab s o rp t io n  o f  r  

did a p p l i c a t o r s
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es ( u g /c u .m. )

R esin

Isom er 2 ,4-E

( b ) C.O 'A

<0.01 <0.01

(b ) <0.02

0 . 0 c 0 .27

(b ) <0.03

0 .1 0

1 1 
O

I 
•

1 
VaJ

 
1

on l i c i t

? th a n  2,4-E 

The amine 

i l a t i l e  than 

r b i c i d e s .  

onf irm ed by 

te e l u t e d  

number of  UV- 

nds were

e t e c t e d  a t  

o l u t i o n s

r o
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FIGURE 1 . A irborne h e r b i c i d e s  end n a t u r a l l y - o c c u r r i n g  compound: 
in  a p p l i c a t o r ' s  b r e a th in g  zone.

(Table 2 ) .  On the  av e ra g e ,  2 .5  mg o f  d icamba, 7-5 mg o f  2 ,4-D  

and 0 .75  mg o f  dicamba isom er  were d i s lo d g e d .  Dermal r e s id u e s  

were a p p ro x im a te ly  5 tim es g r e a t e r  f o r  the  s p r a y e r s  invo lved  in  

mixing, lo a d in g ,  and sp ra y in g  f u n c t i o n s  than  f o r  the  d r i v e r s .  

S p rayer  E e x h i b i t e d  the  h ig h e s t  dermal r e s id u e ,  a q u a n t i t y  a lm o s t  

5 tim es t h a t  o f  S p ray er  A. H igher  d i s l o d g c a b le  derm al r e s id u e s  

were a t t r i b u t e d  to  the  use o f  th e  hand sp ra y  gun and not 

the number o f  tank m ix ings .  S p ra y e r  E used th e  gun f o r  o v er  70 

min d u r in g  t h e  s tu d y  p e r io d  w h ile  S p ra y e r  A on ly  logged 5 m in . ; 

S p rayer  A s topped  to  mix and load the  tank t h r e e  tim es  whereus 

S p ray er  B on ly  performed t h i s  f u n c t i o n  tw ic e .  The e f f i c i e n c y  

with  which r e s id u e s  were washed from the  s k in  w ith  e th a n o l  i s  n o t  

known, n o r  i s  th e  impact o f  t h i s  p ro ce d u re  upon th e  su b se q u en t  

a b s o rp t io n  o f  rem ain ing  r e s i d u e s .  At no t im e d u r in g  th e  s tu d y  

did a p p l i c a t o r s  w ear p r o t e c t i v e  g lo v e s .  F i e l d  i n v e s t i g a t o r s

i l

id

46371
0 0 0 7 9 7 0

D - H 7 3 2 ,
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T able  3*
/ \ H e rb ic id e  C o n c e n t ra t io n s  in th e  U rine o f  Exposed *c r 2e r s  (c g /L ) .

S u b je c t Sample Dicamba
Dicamba
isom er 2.4-D

-3 D r iv e r  A P re sp ra y 0 .065 (a ) 0.12
.2 24 h 0 .5 0 0 .4 7 1 .0

43 h 0 .4 7 0 .6 3 1.2
72 h 0 .3 7 0 .3 9 1 .1

S p ra y e r  A P re sp ra y (a ) (a ) (a)
24 h 0 .3 3 0 .52 1-3
45 h 1 .4 1 .7 3-S
72 h 1 .0 1 .5 2 .6

D r iv e r  E P re sp ra y 0 .8 3 0 .7 8 1 .8
24 h 1.7 2 .2 4.1
48 h 16. 15- 20.
72 h 5-3 6 .6 8 .8

r b .  Je
S p ra y e r  E P re sp ra y 1.6 2 . 2 4 .0

. l e  3 ) .  The 24 h 1 .0 1.3 2 .5
48 h 4.1 7 . 0 12.

; r  th e 72 h 3.1 3 -7 7 .3

q u i r e c (a)f. 'o t d e t e c te d ( d e t e c t i o n  l i m i t  0 .0 £ 0  mg/L).

o n t in u e d

ve m i g h t was 1.2:1 (d icam ba i s o a e r td ic a m b a ) ;  which r e p r e s e n t s  a n e a r ly  6-

t i o n  o f  

r i o r  to  o r  

ld u e s

en t  u r i n a -  

• z i  s e n s  

;o red

f o ld  m a g n i f i c a t i o n  o f  th e  i s o n e r i c  im p u r i t y  i n  r e l a t i o n  to 

d icam ba. I t  i s  c l e a r  from th e  d a t a  t h a t  th e r e  i s  a m ajor  

d i f f e r e n c e  in  t h e  t o x i c o k i n e t i c  p r o p e r t i e s  o f  th e  two dicamba 

i s o a e r a .  The r a t i o  o f  dicamba to  i t s  isom er  remained r e l a t i v e l y  

c o n s t a n t  i n  s u c c e s s i v e  u r i n e  sam ples  ( F ig u r e  2)  su g g e s t in g  t h a t  

th e  r a t e s  o f  d i s t r i b u t i o n  ( a f t e r  u p ta k e )  and o f  r e n a l  e l im in a t io n

i a t  o f  

'  r a t i o

a r e  s i m i l a r  f o r  t h e s e  iso m ers ,  b u t  t h a t  dermal u p ta k e  r a t e s  may 

d i f f e r  c o n s i d e r a b l y .  D i f f e r e n c e s  i n  u p ta k e  r a t e s  f o r  dicamba

0 0 0 7 3 7 2

5 ?-Y13 H
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FIGURE 2 .  U r in a ry  e l im in a t io n  o f  h e r b i c id e s  on th r e e  co n sec u t iv e  
days a f t e r  a s i n g l e  h e r b i c id e  a p p l i c a t i o n ;  D r iv e r  A ( l e f t )  and 
E ra y e r  A ( r i g h t ) .  P r e p r e s e n t s  p re sp ra y  and numerals in d i c a t e  
24,  48 ,  and 72 h sam ples; c o n s e c u t iv e  b a r s  r e p r e s e n t  dicamba, 
dicamba isom er ,  and 2 ,4 -D , r e s p e c t i v e l y .

isom ers  muy be r e l a t e d  to  p o l a r i t y  d i f f e r e n c e s  noted above.

These p r e l im in a r y  f i n d in g s  i n d i c a t e  the  need f o r  more d e t a i l e d  

t o x i c o k i n e t i c  s tu d y  o f  th e se  compounds.

S e v e ra l  o f  th e  u r in e  samples were s u b je c t e d  to  CC-KS an a ly ­

s i s .  Computer r e c o n s t r u c t e d ,  s i n g l e - i o n  chromatograms were gen­

e r a t e d  f o r  dicamba (m/e 234, 203 , and 188) and 2 ,4-D  (m/e 234, 

199, 175, and l 6 l )  and in  each ca se  the  r e t e n t i o n  times and 

r e l a t i v e  i n t e n s i t i e s  o f  th e  d i a g n o s t i c  io n s  were c o n s i s t e n t .

E s t im a t in g  Absorbed Dose. Chlorophenoxy a c id  h e r b ic id e s  a re

e x c r e te d  l a r g e l y  unm etabo l ized  in  th e  u r in e  o f  an im als^  and the

6 7u r i n a r y  l e v e l s  a r e  w e l l  c o r r e l a t e d  w ith  th e  r a t e s  o f  exposure .  ' '  

F o r  th e s e  and r e l a t e d  compounds th e  t o t a l  o f  r e s i d u e s  e l im in a te d  

i n  t h e  u r in e  i s  a p p ro x im a te ly  e q u iv a le n t  to  th e  absorbed  dose .

The c r e a t i n i n e  ir. 

o f  th e  a n a l y s i s  o 

e s t im a te  o f  th e  d 

i s  based upon the  

( c r e a t i n i n e  e l im i;  

method used permi". 

the  te c h n iq u e  may 

v a r i a t i o n  in  c r e s t  

modeling o f  c r e a t i

The absorbed  

u r in a r y  e l im in a t io .  

isom er ,  and 3 .2  mg 

e l im in a t io n  i n  72 1 

isom er ,  and 11.5  m; 

th e  absorbed  do se ,  

a f t e r  56 h. T h is  a 

r i a t e  f o r  a p p l i c a t o  

h e r b i c id e  m ix tu re  o: 

dicamba isom er  i s  e> 

some en r ichm en t  o f  I 

w e l l ,  a l th o u g h  th e  e 

1.5  to  1 .

R e s p i r a t o r y  v s .

were u t i l i z e d  to  e s t
i

t i d a l  volumes were 1

0007973 4639
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chree  c o n s e c u t iv e  
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The c r e a t i n i n e  index method was used to  e x t r a p o l a t e  the  r e s u l t s  

o f  the  a n a l y s i s  o f  f i r s t  void u r in e s  (T ab le  3) to  o b ta in  on 

e s t im a te  o f  th e  d a i l y  u r in a r y  e l im in a t io n  (T ab le  4 ) .  The method 

i s  based upon the  assum ption  o f  an ave rag e  c r e a t i n i n e  index va lue  

( c r e a t i n i n e  e l i r . i n a t e d / k g /2 4  h ) . °  A lthough th e  c r e a t i n i n e  index 

method used p e rm i t te d  on ly  app rox im ate  u r i n e  volume e s t im a te s ,  

the  te c h n iq u e  may be enhanced in  a c cu rac y  by a l lo w in g  f o r  d i e t a r y  

v a r i a t i o n . i n  c r e a t i n e  i n g e s t io n  and u t i l i s a t i o n  o f  mathematic 

modeling o f  c r e a t i n i n e  e x c r e t io n . ^

The absorbed  dose rec e iv e d  by D r iv e r  A (e s t im a te d  from the 

u r in a r y  e l i m i n a t i o n )  was 1 .3  mg o f  dicamba, 1 .4  mg o f  d icaoba 

isom er ,  and 3-2  mg o f  2 ,4 -D . For s p r a y e r  A h i s  t o t a l  u r in a ry  

e l im in a t io n  i n  72 h was 3*9 mg o f  dicamba, 5*2 mg o f  dicamba 

isom er ,  and 11.5 mg o f  2 ,4 -D . These d a t a  somewhat underes tim a ted  

the  absorbed  dose ,  a s  lo w - le v e l  u r i n a r y  e x c r e t i o n  continued  even 

a f t e r  96 h .  T h is  app rox im ation  o f  dose  absorbed  was no t approp­

r i a t e  f o r  a p p l i c a t o r s  in  v e h i c l e  B a s  th e y  con t inued  to  sp ray  the  

h e r b i c id e  m ix tu re  on subsequen t  d a y s .  The p r e f e r e n t i a l  up take o f  

dicamba isom er  i s  e v id e n t  from th e s e  d a t a .  There may have been 

some en r ichm en t  o f  2 ,4-D  r e l a t i v e  to  dicamba i n  those  u r in e s  as  

w e l l ,  a l th o u g h  th e  e f f e c t  was o n ly  on th e  o r d e r  o f  1 .2 -  

1 .5 to  1.

R e s p i r a t o r y  v s .  Dermal E xposure . The fo l lo w in g  assum ptions 

were u t i l i z e d  to  e s t im a te  p o t e n t i a l  i n h a l a t i o n  exposure :  

t i d a l  volumes were 1 .0  L / i n s p i r a t i o n ,  b r e a th in g  r a t e s  were 15

0G 07S74
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i n s p i r a t i o n s / m i n ,  and a i r b o r n e  r e s i d u e s  ( t o t a l  o f  vap o r  and a e r o ­

s o l )  were co n s id e red  to  undergo q u a n t i t a t i v e  d e p o s i t i o n  in  th e  

up p er  r e s p i r a t o r y  t r a c t  and were th u s  e q u i v a l e n t  to  o r a l  expo­

s u r e .  The b r e a th in g  r a t e  used in  t h i s  a p p ro x im a t io n  i s  t y p i c a l  o f  

l i g h t  to  m odera te  e x e r t i o n .  For v e h i c l e  A. th e  e s t im a te d  maximum 

in h a le d  d o ses  d u r in g  th e  5.5 h a p p l i c a t i o n  d id  n o t  exceed 1C ug 

o f  e i t h e r  h e r b ic id e .  The d a t a  in  T ab le  5 r e p r e s e n t  exposu res  on a 

ug /kg  b a s i s .

f i e s p i r a to r y  e x p o su re s  were e x t r e m e ly  s m a l l  i n  com parison  to  

th e  absorbed  doses  app rox im ated  by t h e  o v e r a l l  72 h e l i m i n a t i o n  

in  u r in e .  The d i s l o d g e a b le  derm al r e s i d u e s ,  how ever,  were o f  th e  

same m agn itude  a s  th o se  e l im in a t e d  i n  th e  u r i n e ,  which em p h as izes  

th e  im p o r ta n c e  o f  de rm al exposure .  A lthough  th e  a s s o c i a t i o n  

between derm a l exposure  and th e  ab so rbed  d ose  i s  u n e q u iv o c a l ,  i t  

i s  d i f f i c u l t  to  i n t e r p r e t  th e s e  d a t a  i n  d e t a i l .  The h ig h  l e v e l  

o f  dicamba iso m e r  e x c r e te d  i n d i c a t e s  t h a t  t h e  t o t a l  h e r b i c i d e  

r e s id u e  on th e  a p p l i c a t o r ' s  s k in  may have been  much g r e a t e r  th a n  

t h a t  d e te rm in e d  w i th  th e  e th a n o l  r i n s e  p r o c e d u re .  The absorbed  

dose i s  f r e q u e n t l y  app rox im ated  a s  102 o f  t h e  a p p l i e d  derm al 

dose ,  a l th o u g h  t h i s  r e l a t i o n s h i p  was d eve loped  w i th  p e s t i c i d e s  

o t h e r  th a n  th e s e  w a t e r - s o l u b l e  herbicides. 1 ̂  However, d a t a  from 

o u r  l a b o r a t o r y  on th e  d e rm a l  a b s o r p t i o n  o f  2 , 4 - 0  from a m ix tu re  

o f  f o rm u la te d  2 ,4 -0 -  and d ic am b a -  (2 .5 :1)  am ine  s a l t s  a o p l i e d  to  

g u i n e a p i g  s k in  i n d i c a t e d  a p p r o x im a te ly  e i g h t y - f i v e  p e r c e n t  up­

ta k e  i n  24 h o u rs  (based upon r ec o v e red  c h e m ic a l  on- s k in  sw ab s ) .1
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TABLE 5

P o t e n t i a l  R e s p i r a t o r y  E x p o su res ,  Dermal R e s id u e s ,  and E s t im ated  
Absorbed Doses (based  upon team In  v e h i c l e  A) ■

P o t e n t i a l  r e s p i r a t o r y  
ex p o su re  (ug/kR)

D ls lo d g e a b le  dermal 
r e s i d u e s  (ug/kR)

E s t im a te d  ab so rbed  
dose (ug/kR) (a)

Sample Dicamba Isomer 2,4-D Dicamba Isom er 2.4-D Dicamba Isomer 2.4-D

D riv e r (b) 0 .055 0 .015 0 .080 12 2 .2  46 16 16 40

S p ray er (c) 0 .060 0 .016 0 .088 31 9 .2  100 53 71 160

a .  T o ta l  r e s i d u e s  e l im in a t e d  In  th e  u r i n e  In  72 h / s u b j e c t  w e ig h t .
b .  80 kg
c .  73 kg
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A pplica to r  exposure occurs during boon-spray a p p l i c a t io n s ,  

but in  t h i s  study the m a jo r i ty  o f  exposure  was a s s o c i a t e d  with 

the use o f  hand sp ray in g  equipment. I n d iv id u a l s  involved in 

sp ray in g ,  mixing, and loading were su b je c te d  to s i g n i f i c a n t l y  

g r e a t e r  exposures than the v e h ic le  d r i v e r s .  R e sp ira to ry  exposure 

was estim ated  to be minor due to the r e l a t i v e l y  low a irborn e  

h erb ic id e  co n ce n tra t io n s .  Exposure o f  the sk in  accounted fo r  the 

m ajori ty  o f  the absorbed dose.

U rinary  e l im in a t io n  fo l lo w in g  a s i n g l e  s p r a y in g  s e s s io n  

occurred  over  s e v e r a l  days and reached  a maximum 40 h a f t e r  the 

o n s e t  o f  exposure .  The pro longed  u r i n a r y  e l im i n a t i o n  o f  these 

h e r b i c id e s  i n d i c a t e s  t h a t  the  body-burden  o f  t h e s e  compounds 

would in c r e a s e  over  the  span o f  a f i v e  day work week. Fo llow ing a 

s i n g l e  d a y ' s  work, th e  e s t im a te d  absorbed  dose  was 53 ug /kg  o f  

dicamba and 160 ug/kg o f  2 , 4 - D. An iso m er  o f  d icamba, a contamin­

a n t  i n  the  f o rm u la t io n ,  was a p p a r e n t ly  absorbed  p r e f e r e n t i a l l y  

a s  i t s  r a t e  o f  e l im in a t io n  in  u r i n e  exceeded t h a t  o f  dicambe.

D esp i te  minimal p r o t e c t i v e  m easu res ,  th e  e x p o su re s  e x p e r ie n ­

ced in  t h i s  s tu d y  were low compared to  any known measure o f  

t o x i c i t y  o f  th e s e  h e r b i c i d e s .  F o r  example , o r a l  LD^q v a l u e s  f o r  

2 ,4-D  and dicamba i n  th e  r a t  a r e  375 and 1040 mg/kg, r e s p e c t i v e ­

l y . 1  ̂ The impact on th e  human h e a l t h  o f  weed s p r a y  crews o f  low- 

l e v e l  ch ro n ic  o r  su b -c h ro n ic  p e s t i c i d e  exposu re  t o  such  p e s t i c i d e  

c h e m ic a ls  i s  p o o r ly  u n d e rs to o d .

r  4644



3 3 8 DRAPER AND STREET APPLICATOR EXPOSUR;

These e s t im a te d  exposure va lues  a re  n o ta b ly  g r e a t e r  than those  

observed ir. s i m i l a r  s tu d i e s  o f  workers invo lved  in  a e r i a l  f o r e s t  

a p p l i c a t i o n s  (bo th  ¿round personnel and p i l o t s ) ' ^  er.d i n  ground 

anc a e r i a l  a p p l i c a t i o n s  to wheat f i e l d s .^'  While th o s e  o b se rv a ­

t i o n s  showed, as  d id  o u rs ,  th a t  the jo b  ta sk  i t s e l f  i s  a major 

f a c t o r  a f f e c t i n g  worker exposure , the  maximum v a l u e s  were c o n s i ­

d e ra b ly  lower than those  repo r ted  h e re ,  h i x e r - l o s d e r s  in  the  

f o r e s t r y  s tudy  had u r in a ry  r e s id u e s  t o t a l l i n g  0 .0 J 6  to  0 .056  

mg/kg body w eigh t ;  t h e i r  c o u n te rp a r t  workers in  th e  wheat s tu d y  

were re p o r te d  a s  hav ing  absorbed 0 .020  mg/kg. ' J i n  t h i s  

s tu d y ,  s p r a y e r  A (w i th  no p rev ious  exposure)  e x c r e te d  0 .1 6  mg/kg 

and s p r a y e r  E e x c re te d  0.54 mg/kg. Use o f  impermeable g lo v e s  

du r in g  handspray ing  and m ix ing / load ing  could have minimized the  

m ajor  f a c t o r  c o n t r i b u t i n g  to  th e  exposure we o b se rv e d .
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Effects of Pesticides on the Kidney

I/t :

Jerry B. Hook and Victoria C. Serbia

Center fu r  Environmental Toxicology. Michigan Stale University. 
East Lansing. Michigan 4.SS2-I I

The mammalian kidney is a dynamic and complex organ. Ex­
cretion of wastes is a primary function, blit the kidney also plays a 
significant 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: erythropoietin is a potent stimulus to erythrocyte for­
mation: the relatively inactive 25-hydroxy-vitamin D, is metaboli- 
cally activated to the active 1.25-dihydroxy-vitamin D t: renin, the 
trigger to the formation of angiotensin and aldosterone, is formed 
in the kidney: and recent evidence indicates that the kidney produces 
several vasoactive prostaglandins and kinins. A toxicological insult 
to the kidney from pesticides or any other chemical could affect any 
or all of these functions. The susceptibility of the kidney or any 
other organ to toxic insult as well as the methods used to assess 
any alteration in function of that organ are important factors in 
determining the degree of toxic effect, if anv. caused by a chemical 
(27).

A great dealTJf descriptive data are available concerning the effect 
of pesticides on the kidneys. In this review, however, rather than 
provide an exhaustive list of pesticides and their effects on the 
kidney, we will discuss three specific chemicals that illustrate key 
points concerning nephrotoxicity and pesticides. These three com-

'O 'H r t3 73



pounds— 1,3-hexachIorobutadiene (HCBD), 2.4.5-trichlorophen- 
oxyacetic acid (2.4.5-T), and 2.3.7,8-tetrachIorodibenzo-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 relatives 
and represent another type of potentially hazardous mixture.

UNUSUAL SU SC EPT IB ILIT Y  OF TH E KIDNEY 
TO  CH EM ICA LS

As a consequence of its normal function, the kidney is susceptible 
to the noxious effects of many chemicals in the blood (27). Renal 
blood How 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 oxygen 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 from 
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. I ). 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

62 EFFECTS OF PESTICIDES ON THE KIDNEY
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EFFECTS OF PESTICIDES OX THE K/DXEY 6.<

FIG. 1. Scheme oi renal handling of a chemical (D). If material is filtered, its con­
centration in tubular fluid will rise as salt and water are reabsorbed. It may then diffuse 
down its concentration gradient into the blood. The chemical may be secreted into 
the tubular 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 metaboticalty altered 
( 0 — Xi.

is exposed to chemicals in another unique fashion. Binding of chem­
icals to plasma proteins may protect most cells of the bod_\ 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 lO^c of total renal blood How 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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CORIICAL JUXlAMEDUll ARi
NEPHRON NEPHRON

FIG. 2. Left: Sagittal section ol a mammalian (human) kidney is illustrated in lower le ll A, renal artery; V. renal 
vein; 1. minor calix; 2, tat in sinus; 3, renal column oi Berlin; 4, medullary ray; 5, cortex; 6, pelvis; 7, interlobar artery; 
B. major calix; 3,ureter. Insert (a) (rom the upper pole ol the kidney is enlarged to illustrate the relationships between 
the nephrons and the vasculature. Right: Anatomy ol a juxtamedullary nephron. Note the demarcation between 
cortex and medulla. 1. glomerulus; 2, proximal convoluted tubule; 3, proximal straight tubule (pars recta); 4, de­
scending limb ol the loop ol Henle; 5, thin ascending limb ol the loop ol Henle; 6, thick ascending limb of the loop 
ol Henle; 7, distal convoluted tubule. 8. collecting duct. (From Hook, rei 27, reprinted with permission ol Macmillan 
Publishing Co.)
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compounds, further lending to the development of relatively high 
concentrations (14.67).

A SSESSM EN T 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 
cortex. 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 to 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
ney. An increase in medullary blood How would dissipate the renal 
medullary hypertonicitv 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 
(BUN) and plasma creatinine might be observed. Such an effect 
could be due to the formation of crystals occluding lumens and 
preventing excretion of waste material. Alternatively, increased BUN 
could be due to selective damage to the glomerulus or vasospasm 
of renal blood vessels (2).

The toxic effects 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 of 
organic anions such as p-aminohippurate (PAH) and organic cations 
such as iV-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-methvl-D- 
glucoside. In addition, the ability o f 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 
o f 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 can demonstrate the papillary necrosis produced
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bv nonnarcotic analgesics (5iS) 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 specific 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 organelles. Electron microscopy has been exten­
sively employed in efforts to understand the changes in glomerular 
structure that might account for changes in permeability 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 Mississippi 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 effects: 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 (45H 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 of nephrotoxicity of HCBD in the 
rat are similar to those produced 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 A'-acetyl-P-D-g'ucosaminidase and alkaline phosphatase have been 
observed at doses about 100 mg/kg HCBD in the rat (45). 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 years caused lesserdegrees 
of toxicity, i.e .. increases in urinary excretion of coproporphyrin 
and renal tubular hyperplasia (41). Rats ingesting 0.2 mg kg day 
HCBD for up to 2 years apparently had no adverse effect from 
HCBD (40).

HCBD has been shown to alter the renal transport o f 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 (3.45). 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.
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The biochemical mechanisms of the nephrotoxic effect of HCBD 
is unknown. Recent studies by Lock and Ishmael (46) suggest that 
the compound might be metabolically activated to some reactive 
intermediate prior to inducing nephrotoxicity. These conclusions 
were based on the observation that the increase in BUN produced 
by HCBD was 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 sulfhydryl (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 hepatoeytes 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 liver. Kluwe and Hook (unpublished 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 bloodstream and produces 
toxicitv in the kidnev.

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 prepared by reacting the sodium salts of trichlor- 
ophenol and monochloroacetic acid. One of the side products of the 
reaction is a tetrachlorodibenzo-/;-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) demonstrated that the rate of 
renal excretion of 2,4.5-T was greater in rats than 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 transponed by renal conical 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 shoner 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 transpon in vitro, little
2.4.5- T was secreted 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 tile cortex (56). 
Thus, the affinity of the kidney for PAH and for other anions is 
greater 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 simultaneously de­
pressed the transport of 2 .4 .5-T. This strongly suggests that 2.4.5- 
T is indeed more tightly bound to plasma 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 
cellular receptor molecule(s) is implicit in the concept of active 
transport (12). The interaction of substrates with finite numbers of 
receptor molecules confers characteristics on active transport 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 (I 1.66). 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.

4657

0 8



This explanation of the mechanism of the 2.4.5-T effect on the 
kidney may be oversimplistic. Koschier and Bemdt (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 Bemdt (42) also found that organic 
cation transport was inhibited by 2.4.5-T. If 2.4.5-T does inhibit 
both anion and cation transport, we are left with the conclusion that 
the decreased uptake of 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 of the chemical to cytotoxic 
concentrations. They found that acute administration of 100 mg/kg
2.4.5-T to rats decreased PAH and 2.4.5-T accumulation into renal 
cortical slices by 58 and 34%. respectively. Daily 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 conical 
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 an unwanted contaminant o f crude prep­
arations of 2,4.5-trichlorophenoxyacetic acid and other biphenyl
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compound.''. TCDD. with a halt-1iIc in soil of about 1 year (32). is 
a very stable compound. It is also one of. the most toxic compounds 
known: the oral LD<„ for many animal species is in the microgram 
ranee. In animals, death after a siitele dose of TCDD may be delayed 
for as lone as 40 days and is preceded by progressive debilitation 
(24,25). Fetal toxicity and malformations, gastrointestinal hemor­
rhage with necrosis and ulcerations of the stomach mucosa, cere­
brovascular hemorrhage, hepatoioxicitv. and atrophy of the lymphatic 
system are toxic effects produced by TCDD (34).

TCDD is an extremely potent inducer of hepatic and renal mi­
crosomal drug-metabolizing enzymes (19.26.47). It is 3 x  104 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
ulum ($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 possibility 
that excretory functions of the proximal tubule may also be affected 
by TCDD. This, however, is not the case. As described above, one 
of the most sensitive indices of nephrotoxicity is the ability of renal 
conical tissue to transport organic comoounds actively. Using these 
parameters, adult rats treated with 10. 25. and 50 jag/kg TCDD 
were evaluated (30): 10 fig'kg TCDD was given and 3 or 7 days 
after treatment PAH uptake by renal conical slices was unaffected. 
iY-\lethylnicotinamide iNMN) accumulation was slightly decreased 
follow ing treatment. A higher dose of TCDD (25 pg/kg) decreased 
the capacity of renal tissues to transpon both PAH and NMN 7 days 
after exposure. Glomerular filtration rate and effective renal plasma 
(low were decreased in rats after 25 or 50 p.g/kg TCDD. Volume 
expansion did not alter this relationship. Fractional sodium excretion 
was less than 19c 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 conical 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 effects on the cells of the 
proximal tubule, the treatment regimens used did not produce spe­
cific changes in physiological functions of these cells.

Thus. TCDD is capable of causing serious systemic disorders but 
apparently does not affect renal function to any measurable extent. 
This does not mean that TCDD is without functionally significant 
effects on the kidney. Either inappropriate functions were measured 
or the changes in renal function may have been too subtle to be. 
recognized.

In an effort to characterize further the effect of TCDD on renal 
function, the ability of TCDD to induce renal and hepatic enzymes 
was investigated. TCDD has been found to be an extraordinarily 
potent inducer of two hepatic enzymes— 6-aminolevulinic acid syn­
thetase. the initial and rate-limiting enzyme in heme synthesis, and 
aryl hydrocarbon hydroxylase, a cytochrome P-450-mediated mi­
crosomal monooxvgenase (62). It is also an inducer of other renal 
mixed-function 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 of the kidney to toxicity caused by a nephrotoxic 
agent.

An example of a compound that is metabolically activated to a 
more toxic moiety by renal and hepatic enzymes systems is chlo­
roform. In animals pretreated with PBBs. renal drug-metabolizing 
enzymes were stimulated and the nephrotoxicity of chloroform was 
enhanced (35). It is indeed surprising, therefore, that in animals 
treated with TCDD. the nephrotoxicity of chloroform-was inhibited 
(Table 1). This inhibition of nephrotoxicity w-as seen as a reduction 
of the effect of chloroform on kidnev-weight/body-weight ratio. 
BUN. and organic anion transport. Interestingly, the effect o f TCDD
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T A B L E  1. Effect of TCDD arc PCBs on 
chloroform neohrotoxicity m mice

K id n e y -w e iç n t  o c e y -
w e ig h t • 100

P re tre a tm e n t C o n tro l C H C I.

N o n e 1 .4 9 2 . 0 9 '
T C O O 1 .6 4 1 .5 6
P C B s 1.51 1 .5 4

'S ig n if ic a n t ly  d iffe re n t th a n  co n tro l. 
F ro m  K lu w e  e t a l. (3 8 ) .

was similar to (hat of another chlorinated hydrocarbon, the poly­
chlorinated biphenyl (PCB). Aroclor 1254. Both of the halogenatcd 
hydrocarbons markedly attenuated the nephrotoxicity of CHC1, (Ta­
ble 1). with an effect similar to that found with 3-methylcholan- 
threne. a well-recognized enzyme inducer (38).

PBBs

The interaction between PCBs and chloroform (the attenuation 
of chloroform nephrotoxicity by PCBs) stimulated further investi­
gations into the effect of polyhalogenated biphenyl compounds that 
are known environmental pollutants. A compound of considerable 
interest to the state of Michigan is the mixture Firemaster BP-6: a 
mixture of brominated biphenyls of which the major component is 
hexabromobiphenyl.

PBBs are fire retardants that were added accidentally to livestock 
and poultry feed in Michigan (15). Brilliant et al. (6) estimated that 
by 1976 over 85‘ r of Michigan residents had detectable body bur­
dens of PBBs. Although no human health effects have been attrib­
uted definitively to PBBs. a variety of alterations have been produced 
in other mammalian species. Body weight gain has been retarded 
and components of the immune and endocrine systems have been 
modified in several species following exposure to PBBs (13.33). 
Morphological and functional changes have been detected in livers 
and kidneys from animals fed PBBs (54.55.63).
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PBBs. administered acutely or subchronically. increase the ac­
tivity o f 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 phénobarbital and 3-meth- 
vlcholanthrene (9). two compounds representing the classic inducers 
o f cytochrome P450 and P,450. respectively. Treatment with PBBs 
in adult rats only retarded weight gain after 90 days exposure (52). 
McCormack et al. (52) tested the effect of 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 of renal microsomal enzyme systems but 
had no detectable effect on renal function.

The most striking effect 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 a  single injection of chloroform. Dietary 
PBBs potentiated the chloroform-induced depression of PAH ac­
cumulation by renal conical slices and the chloroform-induced rise 
in BUN concentration in a PBBs intake related manner. The kidney- 
weight/body-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 chloroform 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 chlo­
roform toxicity is reflected in measurements of the nonprotein 
sulfhydryl concentrations (mainly glutathione) in the liver and the 
kidney. One of the effects of chloroform is to deplete renal and 
hepatic cell content of reduced glutathione. This effect on gluta­
thione concentration is altered by pretreatment with PBBs and PCBs. 
Mice were fed a control diet or a similar diet formulated to contain
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200 ppm PCBs or 100 ppm PBBs for 20 days prior lo a single 
miraperitoneal injection of chloroform. Chloroform decreased the 
concentration of reduced sulfhydryl croups in the kidney and liver 
of control mice (Table 2). In the liver, the chloroform-induced 
glutathione depletion was enhanced by both PBBs and PCBs as 
would be expected if 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 observations). 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 only slightly metabolized, and thus are retained in the body for 
extended periods of time (48.49). McCormack et al. (53) demon-

TA8LE 2. Effect of PCBs and PBBs on chloroform-induced depletion 
of reduced non-protein sulfhydryl groups (NP-SH)

Pretreatment

Hepatic NP-SH (jig g) Renal NP-SH (p.g g)

Control CHCIj Control CHCI,

None 2.010 1.250 880 550
PCBs 1.990 1.020 850 760
P88s 2.120 400 830 290

From Kluwe and Hook, unpublished observation.
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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 maternal 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 generations (53). Female rats received 10 or 100 
ppm of PBBs in their diet: 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 28 days of age. Even in this next generation, there was 
still marked enzyme induction in the kidneys. Only in the third 
generation was '.he effect eliminated (53). Thus, these compounds 
have a profound effect for extended periods of time. It is assumed 
that the enhanced 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 of 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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U .S . E N V IR O N M E N T A L  P R O T E C T IO N  A G E N C Y
O FFIC E  OF PESTIC ID E PROGRAMS (W H -S 6 7 )

W A SM INO TO N. D .C . 2 0 4 *0

4. AB EL TECHNICAL DATA
O m  msmacnoNs * n  m  oi m  p * « ö  _
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ESTERON 245 BE
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fc » M *  * n  a u t  t a p ir )
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INSTRUCTIONS

•GENERAL

This form must be submitted with all applications for new registration or registration renewal.

In addition, it must be submitted 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 thin just the changes.

SPECIFIC

ITEM

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 labels, 
leave blank.

6. Mode o f action. Select the terms that apply to how the proposed product works.

7. User type. Gieck all user types to whom the marketing o f this product wQ] be directed.

8. Formulation. Check the single box that describes the product as packaged.
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DOW CHEM ICAL U.S.A
ï

9001 Building MIDLAND. MICHIGAN 48640
February 21, J.983

Ralph Gantz 
9008 Building

cc: Art Schober, 9008 Building 
John Tichon, 489 Building

RE: USE DIRECTIONS FOR ESTER0N* 245 BE (EARLY 1982 PRODUCTION)

As requested in your letter of February 16, 1983, here is a reasonable 
set of directions for one possible approach to using up feSTERON 245 BE 
that bas turned into "oatmeal" upon storage. I leave the fined 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 a c
five gallon can or other appropriate container.

1*0
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

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) fill 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 «tress that absolutely no ESTERON 245 BE is to be returned 
*to Midland. This includes cans and drums and smaller samples. The salesman 
should make -every reasonable accomodation to beep material from coming back 
to Aid land.

Ralph:

Jim Havel
Application Systems 
Agricultural Products Department , . 4 6 7 4
Is
*Trademark of the Dow Chemical Company

C H E M IC A L C O M P A N YA N  O PCPA 71N Q  U N IT O P T H E  DOW 0008295
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DOW CHEM ICAL U.S.A.

9008 B u ild in g MIDLAND. MICHIGAN 48640
F e b ru a ry  16 , 1983

J .  J .  H avel 
9001 B u ild in g

c c : S . J .  H o w e ll, 9008
E. R. L a n in g , J r . ,  9008 
A . E. S ch o b e r, 9008 
J .  H . T ic h o n , *»89 
G. L . Y tz e n , 9008

F4ELD -SOLUTION TO PRESCRIBE -FOR fSTEROH 2k5 BE HERBICIDE DUALITY COMPLAINTS

J e r ry  Y tze n  su g g e s ts  th e re  Is  U k e ly  t o  be some ESTER0N 245BE on d e a le r  
s h e lv e s  som ewhere th a t ams n o t fo u n d  in  th e  1982 p ro d u c t r e tu r n  .cam pa ign , 
ip  th e  u s e r 's  h a n d s , th is  m a te r ia l m { 11 J ik e ly  g e n e ra te  c o m p la in ts .
J e r ry  su g g e s ts  we may w ant to  have a f ie ld  m ix in g  s o lu t io n  p r e s c r ip t io n  
re a d y  th a t th e  Dow f ie ld  s e lle r s  can use as a b a s is  f o r  s e rv ic in g  such 
in q u ir ie s .

P le a se  p re p a re  a b r ie f  w r it te n  summary th a t  id e n t if ie s  th e  p ro ce d u re  
to  fo llo w  i f  th e  u s e r is  w i l l in g  to  c o r re c t h is  p rob lem  b y .b le n d in g  1 
g a llo n  ESTER0N 99 C o n c e n tra te  w ith  1 g a llo n  ESTER0N 245BE h e rb ic id e .
The u s e r may th e n  end up u s in g  th e  "2 + 2 " b le n d  as th o u g h  I t  -were s t r a ig h t
2 ,4 ,5 -T  p ro d u c t, b u t he w o u ld  use  tw ic e  th e  recommended vo lum e ^a te s  
shown c n  th e  ESTER0N 245BE la b e l.

The chance th a t  th e  u s e r may have some ESTER0N 99 C o n c e n tra te  on hand 
th a t is  PGBE ra th e r  th a n  b u to x y e th y l e s te r  is  p o s s ib le , b u t c o n s id e re d  
re m o te . We w i l l  n o t co n ce rn  o u rs e lv e s  w ith  th a t a s p e c t a t  t h is  tim e .

1 u n d e rs ta n d  th a t  th e  p ro ce d u re  you  p re p a re  w i l l  o n ly  be c ir c u la te d  
th ro u g h  DSMs to  f ie ld  s e lle r s .  The f i e l d  s e l le r  M o u ld  have  I t  as a  
re fe re n c e  to  v e r b a lly  h a n d le  phone c a l l s ,  b u t n o t pass i t  on  to  
d is t r ib u t io n  -o r-e n d  u se  cu s to m e rs  as p r in te d  Dow - in fo rm a tio n .

Y our e a r ly  a t te n t io n  to  t h i s  re q u e s t is  a p p re c ia te d .

R . L . G antz
Ag P ro d u c ts  D epartm en t
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DOW CH EM IC A L U.S.A.*<3

«ay  19, 1982 MIDLAND. MICHIGAN 48640

Dave B u zzelll 
834 Bldg.

.■ V

cc : &.~Rr- GTë3hi 14-—-474' Bldg; R. E. Woodward -  834 B ldg. 
E. S .  Conyers - 8008 B ldg.E. R. Laning - 9008 Bldg.

/
<

C. H. Goodman - 2030 Bldg.

ESTER0N 2 ,4 ,5 -B E , TCDD ANALYSIS

The attached l e t t e r  from EPA 1s se lf-e x p la n a to ry . Do we have the 
an a ly tica l data they want? I f  so , would you p lease  send me 3 
copies so I can send 1t to  EPA.

I f  we have d isposed  o f the drummed m aterial by s e l l in g  I t  a s  tech n ical 
m aterial under EPA Reg. No. 464-518 l e t  me know so I can ad vise  EPA.
I f  we are going to  use 1t in our form ulation, we need to  ad v ise  EPA 
o f  the TCDD con ten t.

Thanks fo r  your a s s is t a n c e .

Arthur E. Schober
Product R eg istra tio n  Manager
A gricu ltu ral Products Department

o

nbe
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U N IT E D  STATES E N VIR O N M EN TAL PROTECTION AGENCY
W A S H IN G T O N . O .C . 2 0 4 « 0 R E C E i v t  

<*» 1 V 
Registratio n

: ! :. '/
:V‘ : \ * ! “ tf2

Mr. Arthur E. Schober 
Dow Chemical Company 
P.O. Box 1706 
Midland, MI 48640

Dear Mr. Schobert

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

We have coopleted review of your additional data on this subject submitted 

March 24, 1982. You are reporting TCDD concentrations within the iiu»ritm™ 

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

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 lb of material packaged 

in 55-gallon drums as they became available. We appreciate your cooperation 

in this matter.

Sincerely Yours,

Richard F. Mountfort 
Product Manager (23) 
Fungicide-Herbicide Branch 
Registration Division (TS-767)

0  - Y V /£ >

0 8 3 0 2
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DISTRIBUTION
EMERGENCY

August 5 , 1981 
10:28 A.M.

W. H eitzig , Manager
Security
1100 Building

ESTERCN 245 -  ROBINSCN, ILLINOIS

Mr. M. Hayes, o f  Robinson, I l l in o is  telephone 618-544-8502, ca lled  and re la ted  
the follow ing: Approximately two weeks ago he sprayed the fence lin e  o f h is 
pasture with E ste ra i 245 p lu s a  l i t t l e  Roundup he had le f t  and wanted to  d is­
pose o f. Mr. Hayes wanted to  know how long does he have to  w ait before he can 
put h is c a ttle  bade in  to  graze, and a lso  what w ill  happen i f  the c a ttle  eat, 
any o f  the g rass k ille d  by the E ste ra i 245? I  informed Mr. Hayes a  technical 
person would be n o tifie d  to  return h is  c a l l .  Mr. Hayes requested the c a l l  back 
to  be around 12:30 F.M ., th e ir  tin e , as he would be in  fo r  lunch.

Mr. L . Downs, o f  Ag Research, was c a lle d  and informed. Mr. Downs sta ted  he 
would c a l l  Mr. Hayes a t  1:30 P.M. our tim e.

J .  M. Weed, D ispatcher
Security
1100 Building
jr d

DISTRibUi'iCN: B. C a ld æ ll, B. Lee, R. Zweigle, G. Sh afer, Public R elation s, 
In d u stria l Hygiene, L . Downs.

.0 - 1177
DOW KNOWLEDGEABLE CONTACT: Fellow up letter describing Incident cause, corrective action and material

disposition must be reported within 48 hours.
Copies: 1. Persons contacted above

2. Plant Protection, 1100 Bulldlno
3. Office Emergency Response, 690 Building

4 6 8 1  O C 0 8 3 0 3

Form U-IM50. H-1O40
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C A R C IN O G E N IC IT Y  A N D  T O X IC IT Y  O F  2 ,4-D IC H LO R O PH  
A C E T IC  A C ID

The Science o f  the T otal Environm ent, 31 (1983) 203—218
Elaevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

MELVIN DWAJNE REUBER
sia»

1 1 0 1 4  Sw ansfield  R oad , Colum bia, M D 2 1 0 4 4  (U -SJi..)
Jan i * im

ABSTRACT

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

u B s u a s tm § L jm

2,4-Dichlorophenoxyacetic acid (2,4-D) is carcinogenic in male and female rats and 
probably also in mice. Male and female rats infesting 2,4-D developed increased incidences 
o f malignant neoplasms. Lymphosarcomas were increased in rats of both sexes, and 
neoplasms of the mammary gland in female rats. Male rats also had carcinomas o f the 
endocrine organs. 2,4-D iso octyl ester was carcinogenic for the lymphoreticular system

c n
0 9
CO
r*o
.0 9

in female mice. 2,4-D and 2,4-dichlorophenol 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 is mutagenic and teratogenic in animals and causes poisoning hi animals 
and human beings.

INTRODUCTION

The aux in like , p la n t g row th -p rom o tin g  chem ical, 2 ,4 -d ich lo rophenoxy- 
acetiq  acid (2 ,4 -D ), has been used fo r  m ay years as a p la n t herb icide [1 ] .  
T he  acid , its  salts, and its  esters are used to  k ill d ico ty ledonous weeds and 
ce rta in  o th e r p la n t species. The chem ical is re a d ily  absorbed fro m  the  
d igestive tra c t o f anim als and excreted b y  th e  k idney. A cu te  and subacute 
to x ic ity  tests have show n th a t 2,4-D  can cause poison ing in  anim als.

^2,4-D is w id e ly  used as a herb ic ide  to  co n tro l certa in  types o f vegetation. 
I t  is sprayed fro m  airplanes o n  m any m illio n s  o f acres to  k il l shrub and broad­
leaved p la n t life  on specialized farm s and range and pasture lands used fo r  
grazing. 2 ,4-D  is used to  k ill vegetation adjacent to  ra ilroads, highw ays and 
o th e r roads, p ipe lines, "power lines, and in  and around lakes, ponds and 
irrig a tio n  d itches. I t  is  used in  aeria l spraying operations o f fo re s t lands to  
km  broad-leaved vegeta tion  and encourage s o ft w ooded trees such as spruce 
and p ine . I t  is present in  preparations sold a t re ta il fo r  hom e gardeners and is 
w id e ly  used on hom e law ns and grass covered areas used fo r  recrea tiona l 
purposes. 2,4-D  is also used on  cereal crops such as ric e , on sugar cane and 
to  c o n tro l ripen ing  o f  bananas and c itru s  fru its , to  de lay preharvest d ropp ing  
o f  some fru its , and fo r  th e  c o n tro l o f ro t when lem ons are stored. 2 ,4 -D

f
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was extensively sprayed together w ith  2 ,4,5-trich lorophenoxyacetic acid on 
m illio n s  o f acres as a de fo lia n t in  V ietnam .

W ith  the widespread use o f th is  herbicide, possible to x ic  effects are 
im p o rta n t. 2 ,4-D  finds its  way to  humans through d ire c t contact either 
occupa tiona lly  o r by  spraying humans purposely o r accidenta lly. D r ift a fte r 
spraying can contam inate gardens, p la n t nurseries, w ater and o ther areas. 
Residues may inadverten tly  be encountered in  fo o d , vegetables, meat and 
w ater.

The p roduction  and use o f 2,4-D can on ly  be estim ated because the data 
o fte n  is considered as trade secret by  the  m anufacturers. The latest data 
available are fo r  the  year 1975. A n estim ated 27 m illio n  kg were used in  the 
U .S .A . The Federal R epublic o f Germ any and the  U .K . are the m ajor pro­
ducing countries o f western Europe where annual p roduction  was estimated 
to  be 3—30 m illio n  kg. In  eastern Europe i t  was estim ated to  be less than 
10 m illio n  kg. In  Japan p roduction  am ounted to  511 thousand kg.

T h is review  includes, to  the best o f o u r knowledge, every study on the 
carcinogen ic ity o f 2,4-D , o r its  esters, and a m etabo lite , 2,4-dichlorophenol 
in  anim als. The raw  data and h isto log ica l sections were reviewed fo r the FD A
2,4-D  R at S tudy and F D A  2,4-D Dog S tudy [1 —3 ] and the results are based 
on th is  exam ination . The Innes e t a l. Mouse Studies fo r  2 ,4 -D , o r its  esters 
[ 4 ] ,  the  A rch ipov and Kozlova 2,4-D  Mouse and R a t Studies [ 5 ] ,  and the 
B ou tw e ll and Bosch 2,4-D ich lorophenol Mouse S tudy [6 ] are also included.

S ta tis tica l tests o f significance were p (p ro b a b ility ) values obtained 
w ith  Fisher’s exact te s t and tests fo r positive  linea r trend- and departure 
fro m  linea r tre n d .

FDA 2,4-D RAT STUDY

Osbom e-M endel rats, three weeks o f age, ingested e ithe r 0, 5, 2 5 ,1 2 5 , 
625 , o r 1250 ppm  o f 2 ,4-D  in  th e  d ie t fo r  104 weeks [1 , 3 ] ;  There were 25 
males and 25 fem ales a t each dose. The ra ts were in d iv id u a lly  caged and were 
weighed w eekly. H em atologic studies were done pe riod ica lly .

Survivors w ere k ille d  a fte r 104 weeks, and organ weights were fo r 
heart, live r, spleen, kidneys, and testes. Organs were also weighed from  
m oribund  rats k ille d  a fte r 52 weeks; however, no  organ w eights were in ­
cluded fro m  ra ts th a t d ied .

f
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TABLE 1
NUMBER OF MALE RATS INGESTING 2,4-D WITH CARCINOMAS AND SARCOMAS 
(FDA RAT STUDY)

Doae
(ppm)

Carcinomas P Sarcomas P Both* P

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

0.021b 0.039b
0.057* 0.034*

*  Some rats had both carcinoma and sarcoma and are counted only once.
Tfcst for positive trend. 

c Departure from linear trend.

D eta iled  h is to log ic  exam ination was made o f tissues from  six male rats 
and s ix  fem ale ra ts fro m  the  1250 ppm  2,4-D  groups and the  co n tro l groups. 
L ive r, k idney, spleen, and ovary o r testes, as w e ll as tum ors and o the r gross 
lesions, were sectioned h is to lo g ica lly  fro m  th e  rats on a ll o the r doses o f 2,4 ,-D .

A t th e  end o f 104 weeks the fo llo w in g  ra ts were a live: 12 males, 6 fem ales 
(O ppm ); 8 males, 4 fem ales (5  ppm ); 9 males, 9 fem ales (25 ppm ); 9 males, 
8 females (125 p p m ); 10 males, 9 fem ales (625  ppm ); and 5 males, 11 
fem ales (1250 ppm ).

B ody weights and th e  organ—body w eight ra tios fo r  liv e r, k idney, heart 
and testes were repo rted  as show ing no  d ifferences am ong the various 
g rou jis . These results have lit t le  m eaning, however, since the  rats th a t d ied 
w ith  th e  m ost chance o f being abnorm al were n o t inc luded . The sp le e n - 
body w eight ra tio  was s lig h tly  elevated in  ra ts given 625 ppm  o r 125 ppm
2,4-D  (p <  0 .05).
*  T e rm ina lly , the  red b lood  cells o f ra ts given 5 ppm , 625 ppm , o r 1250 
ppm  2,4-D  showed m acrocytosis, s lig h t polychrom asia, and s lig h t to  m oderate 
hypochrom asia. These changes were n o t present, o r w ere o f a m inor degree 
in  c o n tro l rats.

Malignant neoplasm* at all sites in male rat»
There were increased incidences o f  m alignant neoplasms in  m ale rats given 

a ll doses o f 2,4-D  (T ab le  1 ). N ine o f 25 rats (36% ) given 25 o r 125 ppm  
(p  =  0 .0053) and 9 o f 23 (39% ) given 1250 ppm  o f 2 ,4-D  (p  =  0 .0033 ) 
developed carcinom as and sarcomas. T he incidences o f these neoplasms 
were dose related (p  =  0 .039). F o r some unexplained reason, the rid s  re ­
ceiving 625 ppm , 6 o f 24 (25% ), had few er m alignant neoplasms than m ale

■' ‘ 4685 
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NUMBER OF MALE RATS INGESTING 2,4-D WITH LYMPHOSARCOMAS AND 
NEUROSARCOMAS (FDA RAT STUDY)

TABLE 2

Do «e 
(ppm)

Lymphosarcoma P Subcutaneous
neurosarcomas

0 0/25 (0%) 0/25 (0%)
5 2/25(8%) 0/25 (0%)
25 4/25 (16%) 0.055 0/25 (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

0.034*
3/122 (2%)

* Test for positive trend.

ra ts in  o ther groups (p  — 0 .043). T h irty -s ix  o f 122 (30% ) 2,4-D -treated 
m ale rats had carcinomas and sarcomas (p 8  0.0038).

Sarcomas in male rats
The sarcomas in  2 ,4-D -treated m ale ra ts were m ain ly lym phosarcom as, 

however, there were a sm all num ber o f subcutaneous neurosarcomas (Table 
2 ). Sarcomas were present in  4 o f 25 rats (16% ) ingesting 25 ppm , 6 o f 25 
ra ts (24% ) ingesting 125 ppm  (p  =  0 .049 ), and 7 o f 23 (30% ) receiving 
1,250 ppm  o f 2,4-D  (p  8  0 .018 ) (Table 1 ). Tw enty-three o f 122 (19% ) male 
rats given 2,4-D  had sarcomas (p  =  0 .052 ).

Carcinomas in male rats
Carcinomas in  male ra ts trea ted w ith  2,4-D  were seen in  the  endocrine 

system . S ix o f 25 m ale ra ts (24% ) ingesting 25 o r 125 ppm (p  -  0 .011) and 
5 o f 24 rats (21% ) given 625 ppm  (p  8  0 .022) o f 2,4-D  developed'carcino­
mas (Table 1 ). T w en ty-tw o  o f 122 (18% ) male rats given 2 ,4 -D  had car­
cinom as (p  =  0.012).

Malignant neoplasms at all sites in female rats
E ig h t o f 20 (40% ) fem ale rats given 5 ppm  (p 8  0 .019), 11 o f 22 (50% ) 

given 25 ppm  (p 8  0 .0 5 8 ), 13 o f 23 (57% ) on 125 ppm  (p 8  0 .022 ), 18 o f 
24 (75% ) receiving 625  ppm  (p 8  0 .00047), and 17 o f 25 (68% ) fem ale 
ra ts ingesting 1,250 ppm  (p  8  0 .0022 ) o f 2 ,4-D  developed m alignant neo­
plasms a t a ll sites (T ab le  3 ). A ltoge the r, m alignant neoplasms were ob­
served in  67 o f 114 fem ale ra ts (59% ) ingesting 2 ,4 -D  (p  8  0 .0018 ).

Lesions of the lymphoreticular system in female rats *
The highest incidence o f  lym phosarcom as was 12 o f  24 (50% ) fem ale rats 

given 625 ppm  o f 2 ,4-D  (p  8  0 .00007) (Table 4 ). Female ra ts in  th e  o the r
A
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TABLE 3
NUMBER OF FEMALE RATS INGESTING 2,4-D WITH CARCINOMAS AND SAR­
COMAS (FDA RAT STUDY)

Dow Care ino m u p  Sarcoma* 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 13/23 (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
5-1260 52/114 (46%) 0.013 43/114 (36%) 0.0017 67/114(59%) 0.0018

0.017° 0.024° 0.0022“
0.089c 0.090e

*  Som» rata had both carcinoma* and sarcomas and are counted only once. 
b Test for positive trend. 
e Departure from linear trend.

2,4-D trea tm en t groups bad 24—27% lym phosarcom as (p — 0.011—0.018 ). 
T h irty -o n e  percent o f a ll females (p  =  0 .00073) developed lym phosarcom as. 
The find ings are even m ore s ign ifican t i f  hyperplasia o f the  lym pho re ticu la r 
system  is considered along w ith  lym phosarcom as, i.e ., 39% (p  -  0 .00005) o f 
fem ale ra ts ingesting 2 ,4 -D . Female rats also had sarcomas o f th e  uterus.

Carcinomas at all sites in female rats
Carcinom as a t a ll sites were seen in  43% (10  o f 23) (p  =  0.065) o f fem ale 

ra ts  en 125 ppm , 58% (14 o f 24) (p  =  0 .0059 ) given 625 ppm , 52% (13 o f 
25 ) (p  =  0 .017) receiving 1250 ppm  and 46% (5 2 /1 1 4 ) (p  =  0 .013) o f 
fem ale ra ts given 2 ,4 -D  (Table 3 ). Carcinom as were found  in  the  rep ro ­
d uctive  system , p a rticu la rly  the  m am m ary gland, and occasionally in  endo­
c rine  organs.

Neoplasms of the mammary gland in female rats
l i r e  incidence o f m am m ary gland tum ors was h igher in  treated fem ale 

ra ts, p a rtic u la rly  on gross exam ina tion , w h ich  is genera lly qu ite  re liab le . 
The num ber o f ra ts w ith  such tum ors was less in  a ll b u t one group a fte r 
h is to lo g ic  exam ination (Table 5 ).

O n gross exam ina tion , 18 o f  21 fem ale ra ts  (86% ) ingesting 25 ppm  
(p  *= 0 .0 0 6 4 ), 20 o f 24 ra ts (83% ) ingesting  625 ppm  (p  ■  0.0080) and 
16 o f  23  rats (79% ) given 1250 ppm  o f 2 ,4-D  had neoplasms o f th e  m am m ary 
g land, com pared to  10 o f 22  (45% ) c o n tro l fem ale ra ts . The find ings are 
q u ite  d iffe re n t fo r  the  num bers o r ra ts w ith  h is to lo g ica l sections exam ined 
b y  patho log ists a t F D A  and sections available fo r  th is  exam ination .

f
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TABLB4
■*> NUMBER OP FEMALE RATS INQESTINQ 2,4D  WITH LESIONS OP THE LYMPHORETICULAR SYSTEM (PDA RAT STUDY)

Dote (ppm) Hyperplasia P Lymphosarcoma P Hyperplasia and 
lymphosarcoma

•
P

0 0/22(0%) 0/22 (0%) 0/22 (0%)
S 0/22 (0%) 6/20(26%) 0.018 6/20 (26%) 0.018
28 2/22(9%) 6/22 (27%) 0.011 8/22 (36%) 0.0018
128 2/28 (9%) 1 6/23 (26% 0.012 8/23 (36%) 0.0023
•2 6 4/24 (17%) 0.066 12/24 (60%) 0.00007 16/24 (67%) <0.00001
1260 2/26 (8%) 6/26 (24%) 0.016 8/26(32%) 0.0034
8-1260 . 10/114(9%) 86/114(81%) 0.00073 46/114(89%) O.OOOOS

0.039*
0.0004b

*  Test (or podtln  trend.
*  Departure from linear trend.
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NUMBER OP FEMALE RATS INGESTING 2,4-D WITH NEOPLASMS OP THE MAMMARY GLAND AND HISTOLOGIC EXAM­
INATION* (PDA RAT STUDY)

TABLE 6

Dose (ppm) Groasb P Histologic* P Histologic4 P

i
0 10/22(46%) 10/22(45%) 8/22(36%)
B 8/20 (40%) 7/20(36%) 7/20(35%)
26 18/21 (86%) 0.0064 11/21 (52%) 11/21 (60%)
125 8/23(35%) 10/23(43%) 9/23(39%)
«26 20/24 (83%) 0.0080 14/24(68%) 16/24 (63%) 0.070
1260 18/23 (70%) 0.091 16/23(66%) 11/23(45%)
6-1260 70/111(63%)

0.0233*
0.0008*

67/111 (52%)
0.0334*

63/111 (47%)

*  Corrected for survival time, i.e., time of appearance of first neoplasms o f the mammary gland.
*  Gross necropsy at PDA.
*  Histological examination by PDA.
*  Histological examination by Reuber.
*  Test for positive trend.
* Departure from trend.
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C o m m e n ts
I t  is w o rth  no ting  th a t h is to log ica l exam ination o f tissues from  th is  study 

was inadequate. M icroscopic neoplasms w ould have been overlooked a t the 
5 to  625 ppm  doses o f 2,4-D  (o n ly  gross neoplasms were sectioned h isto log i­
ca lly ) and also even a t the  highest dose because on ly six rats o f each sex 
were exam ined in  d e ta il. A lso h isto logica l sections were no t available fo r 
19 m am m ary gland neoplasms described a t the tim e o f necropsy, and no 
explanation was given fo r  th is  discrepancy.

Despite the shortcom ings o f th is  study, i t  m ust be considered as an 
acceptable study.

The largest num bers o f ra ts alive were in  the 25 to  1250 ppm  doses; and 
the  sm allest num ber o f ra ts a live was in  the lowest dose, 5 ppm . These results 
suggest th a t rats in  a t least some o f the 25 to  1250 ppm groups were no t 
ingesting th e ir d iets because o f to x ic ity . The differences in  the  incidences 
o f neoplasms, the re fo re , w ou ld  n o t be great.

Tum ors were analyzed, on the  basis o f 2 5 rats per group, and the  fo llo w in g  
conclusions were made by  th e  authors: “ There is a s ta tis tica lly  s ign ificant 
(p  <  0.05) linear re la tionsh ip  between the p ropo rtion  o f fem ale rats w ith  
tum ors and the  level o f the  log  dose, b u t no t the a rithm etic dose, ind ica ting  
th a t there is a tendency fo r  th e  p ropo rtion  o f female rats w ith  tum ors to  
increase w ith  the  log dosage. There is also a s ta tis tica lly  s ign ifican t (p  <  0.05) 
linear re la tionsh ip  between the  p ro p o rtio n  o f male rats w ith  m alignant 
tum ors and the  level o f a rith m e tic  and log dose. A  com parison was made 
o f the co n tro l group w ith  each trea tm ent group. S ta tis tica lly  s ign ifican t 
(p  <  0 .05) d ifferences w ere found  o n ly  between the co n tro l group and 
the  1250 ppm  dose level w ith  respect to  male rats w ith  m alignant tum ors.”

The authors also believed th a t the  raw  data and the pathologic in terpre­
ta tio n  d id  n o t support th e  s ta tis tica l analyses and th a t “ a carcinogenic 
e ffe c t o f 2,4-D  has n o t been shown” . They also stated th a t “ add itiona l 
support fo r  th is  in te rp re ta tio n  has been given by the long-term  study in  
m ice” .

few* • •*•»- .

S u m m a ry
. Male and fem ale ra ts ingesting 2,4-D  developed increased incidences 
o f m alignant neoplasms. Lym phosarcom as were increased in  ra ts o f bo th  
sexes, and neoplasms o f th e  m am m ary gland in  fem ale ra ts.

Conclusions
2,4-D  is carcinogenic fo r  m ale and fem ale rats.

FDA 2,4-D DOG STUDY

Beagle dogs, 6 to  8  m onths o ld  (3  males and 3 females per g roup) ingested 
0 ,'1 0 , 50 , 100, o r 500 ppm  2,4-D  in  th e  d ie t fo r  104 weeks [1 , 2 ] .  Organ 
w eights were taken fo r  b ra in , heart, liv e r, kidneys, spleen, th y ro id , adrenals, 
and testes. Tissues fro m  a ll dogs were studied grossly and m icroscop ica lly.

f
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M any o f the dogs ingesting 2,4-D  lo s t w e igh t. There were scattered lesions 
such as a trophy o f the testes and prosta te , in te rs titia l neph ritis , hem angiom a 
o f the  adrenal, a troph ic  o r cys tic  p itu ita ry , a trophy o f the  th y ro id , and 
hypoplasia o f the  bone m arrow . M ost o f th e  lesions were seen in  the 
endocrine organs. C on tro l dogs gene ra lly 'd id -no t have lesions.

Comments
Previous experience a t F D A  has shown th a t long-term  chron ic dog studies 

should be carried o u t fo r  s ix  years o r longer in  o rder fo r  neoplasms to  
develop. Since they occurred p redom ina n tly  in  2,4-D  treated dogs, lesions 
m ay have progressed to  neoplasms had th e  dogs been treated fo r  a longer 
pe riod  o f tim e .

Summary
A  tw o-year feeding study in  dogs cannot be considered a carcinogen ic ity 

s tudy.

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

1. 2,4-D
The m axim um  to le ra ted  dose o f 2 ,4-D  was given to  tw o  h yb rid  strains 

o f m ice, (C 57B L/6  x C 3 H /A n f)F i designated as “ s tra in  A ”  and (C 57B L/6  x 
A K R )F j designated as “ stra in  B”  m ice [4 , 7 ] .  There were 18 treated m ice 
and 18 untreated con tro ls  o f each s tra in  and each sex. 46 .4  m g/kg was given 
in  0.5%  ge latin  d a ily  by stom ach tube  beginn ing a t 7 days o f age. A fte r the  
m ice were weaned a t 28 days o f age, 149 ppm  o f 2,4-D  was m ixed d ire c tly  
in  the  d ie t and provided ad lib itu m . “ S tra in  B”  m ale and fem ale m ice were 
also given 100 m g/kg, fo llo w e d  by  323 ppm . T rea tm ent was continued 
approxim ate ly 18 m onths.

Postm ortem  included thorough ex te rna l exam ina tion  and in te rna l 
exam ina tion  o f the  neck glands and th e  tho rac ic  and abdom inal cavities, 
w ith  h is to log ic  exam ina tion  o f m a jo r organs and o f a ll grossly v is ib le  lesions. 
T h y ro id  glands were n o t exam ined.
■-* There was no increase in  neoplasms in  th e  2,4-D -treated m ice.

2. 2,4-D isopropyl ester
“ S tra in  A “  and “ stra in  B”  m ale and fem ale midfe were given 4 6 .6 m g/kg  

o f 2 ,4-d ich lorophenoxyacetic acid, iso p ro p y l ester in  0.5%  ge la tin  da ily  by  
stom ach tu b e . A t 28  days o f age th e  m ice received 111 ppm  in  th e  d ie t fo r  
approxim ate ly 18 m onths.

There were neoplasms in  the  lungs o f  4 o f 18 “ s tra in  A** m ale m ice (22% ) 
ingesting 2 ,4 4 ) iso p ro p y l ester com pared to  2 o f  17 m atched con tro ls  (12% ) 
and 5 o f  79 pooled m ale co n tro l m ice (6% ) (p  “  0 .0584 ) (T ab le  6 ).

In  th is  s tudy, “ stra in  A "  m ale m ice receiving 2 ,4 -D  iso p ro p y l -ester de­
veloped an increased incidence o f neoplasm s o f th e  lung .

f
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NUMBER OF MALE AND FEMALE MICE INGESTING 2,4-D ISOPROPYL ESTER 
WITH NEOPLASMS OF THE LUNG (INNES et »1. (4 ,7 ), MOUSE STUDY)

TABLE 6

Strain D o« (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%)
“B " Pooled 0 9/90(10%) 3/82(4%)
“B ” 111 2/18 (11%) 0/17 (0%)

3. 2,4-D butyl ester
“ S tra in  A "  and “ s tra in  B ”  m ale and female m ice received 46.4 m g/kg 

o f 2 ,4-d ich lo rophenoxyacetic acid, b u ty l ester in  0.5%  gelatin  d a ily  by 
stom ach tube . A t 28 days o f age the  m ice received 149 ppm  in  th e  d ie t 
fo r  approxim ate ly 18 m onths.

Three o f 18 “ stra in A ”  fem ale m ice (17% ) and 4 o f 87 pooled con tro ls 
(5% ) had re ticu lu m  cell sarcomas (p — 0.0955) (Table 7 ).

In  th is  s tudy, there was an increased incidence o f re ticu lum  ce ll sarcoma 
in  2,4-D  b u ty l ester-treated “ stra in  A ”  fem ale m ice.

4. 2,4-D isooctyl ester
“ S tra in  A “  and “ stra in  B ”  m ale and fem ale m ice received 46.4 m g/kg o f

2 ,4-d ich lo rophenoxyacetic acid , iso o c ty l ester in  0.5%  gelatin by stom ach 
tube . A fte r 28 days they ingested 130 ppm  in  the d ie t fo r approxim ate ly 
18 m onths.

Neoplasms in  treated m ice were found  m ain ly in  th e  live r and lung. One 
“ stra in  A ”  trea ted  male mouse had an “ angioma”  o f the  live r and another
an "ang iom a”  o f the spleen. _  ___

In  th is  s tu d y , neoplasms o f the  live r were s lig h tly  increased in  2,4-D

TABLE 7
NUMBERS OF MALE AND FEMALE MICE INGESTING 2,4-D BUTYL ESTER WITH 
RETICULUM CELL SARCOMAS (INNES etal. (4 ,7 ) , MOUSE STUDY)

D o « (ppm)

“A”  Matched 0 1A7 («%) 2/18(11%)
“ A”  Pooled 0 ' 6/79 (6%) 4/87 (6%)
“ A " 149 0/18 (0%) 8/18 (17%)
“B ”  Matched 0 1/18 (6%) 2/17 (12%)
“B”  Pooled 0 1/90(1%) 8/82 (4%)
-B " 149 2/18(11%) 0.0714 0/18(0%)

0.0966
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iso o c ty l ester-treated “ stra in  A ”  male m ice and tum ors o f the  lung in  “ stra in  
A ”  fem ale m ice. T w o male m ice had rare tum ors ; “ angiom as”  o f the liv e r 
and spleen.

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

A  single subcutaneous in je c tio n  o f 2 ,4-D , o r its  esters, was given in  the  
nape o f th e  neck to  tw o  h yb rid  strains o f m ice, (C 57B L/6  x C 3 H /A n f)F j 
designated as “ s tra in  A ”  and (C 57B L/6  x A K R )F j designated as “ stra in  B ”  
a t app rox im a te ly  th e  28 th  day o f age [7 ] .  There were 18 treated m ice and 
18 un trea ted  con tro ls  o f each stra in and each sex. T hey were k ille d  a fte r 
app rox im a te ly  18 m onths.

M ice received th e  fo llo w in g  doses: 215m g/kg  o r 464m g/kg  o f 2,4-D  in  
D M SO ; 100 m g/kg o f 2,4-D  isop ropy l ester, 25 .5  m g/kg o f 2,4-D  b u ty l ester, 
o r 21.5  m g/kg o f 2 ,4-D  iso o c ty l ester in  co rn  o il.

N ecropsy inc luded  thorough externa l exam ina tion  and in te rna l exam ­
in a tio n  o f the  neck glands and the tho ra c ic  and abdom ina l cavities. H is to ­
log ica l exam ina tion  was done on a ll m a jo r organs and o f a ll grossly vis ib le  
lesions.

Reticulum ceil sarcomas in “strain B " female mice
F ive o f 17 “ s tra in  B ”  fem ale m ice (29% ) given 2 ,4 -D  iso o c ty l ester had 

re ticu lu m  ce ll sarcomas, com pared to  5 o f 157 c o n tro l fem ale m ice (3% ) 
(p  -  0 .0009 ) (Table 8 ).

Sum m ary
2 ,4 -D . iso o c ty l ester was carcinogenic fo r  the  lym p h o re ticu la r system 

(re ticu lu m  ce ll sarcomas) in  “ stra in  B ”  fem ale m ice.

ARCHIPOV AND KOZLOVA MOUSE AND RAT STUDIES

Three groups, 100 each, o f  C B A x C 57 /B L  h yb rid  m ice were used [5 ] .  T w o  
groups o f m ice received one d rop  o f a 0.5%  so lu tio n  o f 3-m ethylcholanthrene

TABLE 8
NUMBER OF “ STRAIN B "  MALE AND FEM ALE MICE GIVEN A SINGLE SUB­
CUTANEOUS INJECTION OF 2,4-D ISOOCTYL ESTER  WITH RETICULUM CELL 
SARCOMAS (INNES « t aL ( 4 ,7 ] , MOUSE STUDY)

Dom  (m g/kg) Mala* Fcmalaa 9

0 0/161 (0%) 5/157 (3%)
1 0/18 (0%) 5/17 (29%) 0.0009

f
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in  benzene on the skin fo r 3 weeks. Later the skin o f one group o f m ice was 
painted w ith  a 10% so lu tion  o f the  amine salt o f 2,4-D in acetone. The skin 
o f the th ird  group o f m ice was painted w ith  a 10% solution o f the  herbicide. 
Mice were observed fo r 20 m onths.

N e o p la sm s  o f  th e  skirt
Papillomas developed on the  skin  o f 17.7% o f the mice treated w ith  3- 

m ethylcholanthrene fo llo w e d  by 2,4-D , and none fo r the m ice receiving 
3-m ethylcholanthrene o n ly  o r 2,4-D  o n ly .

Comments
Groups o f rats also ingested 1 /1  Oth the  LD J0 o f the amine salt o f 2,4-D  

[5 ] .  The dose was n o t given.

Summary
2,4-D  is a prom oter o f neoplasms o f th e  skin in  m ice.

BOUTWELL AND BOSCH 2,4-DICHLOROPHENOL MOUSE SKIN STUDY

Female S utter m ice, 2—3 m onths o f age, were used [6 ].  M ice were painted 
on the  skin w ith  a single in itia tin g  dose o f 0.3% dim ethylbenzanthracene 
in  acetone fo llow ed  by  20% 2 ,4-d ich loropheno l in  benzene, benzene o n ly , 
o r no treatm ent. 2 ,4 -D ich lo ropheno l was applied tw ice  w eekly. One group 
o f m ice was observed fo r  15 weeks and a second fo r 24 weeks.

Neoplasms of the skin
M ice treated w ith  b o th  chem icals developed an increased incidence o f 

neoplasms o f the  skin . T h irteen  o f 27 treated m ice (48%) (p =  0.00607) 
had papillom as and 3 o f 27 trea ted  m ice (11% ) had carcinom as o f the 
skin , compared to  1 o f 15 untreated m ice (7% ) w ith  papillom as and 0 
o f 15 untreated m ice (0% ) a fte r 15 weeks. Papillomas o f the  skin- were 
observed in  12 o f 16 trea ted  m ice (75% ) (p =  0.00004) and carcinom as 
o f trie  skin in  10 o f 16 trea ted  m ice (62% ) (p  <  0.00001); whereas, pap il­
lomas were seen in  3 o f 27 m ice (11% ) and carcinomas in  0 o f 27 m ice 
(0%) receiving benzene o n ly  a fte r 24 weeks.

Conclusion
2,4-D ich lorophenol p rom pted  th e  incidence o f neoplasms o f the  skin 

in  m ice when adm inistered a fte r a single in itia tin g  dose o f d im ethylbenz­
anthracene.

DISCUSSION

2,4-D  was found to  be carcinogenic fo r  ra ts in  the  o rig ina l p u b lica tio n  b y
r
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Hansen e t a l. [1 ] .  I t  was also concluded th a t “ 2 ,4-d ich lorophenoxyacetic 
acid is carcinogenic in  ra ts”  in  a p re lim in a ry  review  o f the raw data, bu t 
n o t the h is to log ica l sections, requested by Senator Edward M . K ennedy’s 
S ubcom m ittee on A dm in is tra tive  Practice and Procedure o f the C om m ittee 
on th e  Ju d ic ia ry , U n ited  States Senate [8 ] .  The exam ination  and diagnoses 
o f th e  h is to log ica l sections, w h ich  was done fo r  th is  review  fu rth e r s trength­
ened the  find ings and conclusion th a t 2 ,4 -D  is carcinogenic in  rats.

Experience has shown th a t i t  is necessary to  review  the  raw  data and 
h is to log ica l sections o f o ld  ch ron ic to x ic ity  and carcinogen ic ity studies in  
anim als [9 ,1 0 ,1 1 ] .  The data fro m  studies o fte n  is n o t adequately analyzed 
and th e  conclusions are suspect. I t  also is n o t unusual fo r results o f such 
studies, w h ich  are s ta tis tica lly  s ig n ifica n t, to  be ignored because they are 
described as n o t b io lo g ica lly  s ig n ifica n t. The pa tho logy re p o rt fo r the  F D A
2.4- D  study in  ra ts was com pleted in  1964 ; how ever, the  results were n o t 
published u n til 1971 [1 ,3 ] .

2 .4- D  is m utagenic and tera togen ic as w e ll as carcinogenic [1 2 ]. 2,4-D  
and its  derivatives are teratogen ic in  m ice, ra ts and ham sters. 2,4-D  induces 
ske le ta l m a lfo rm ations, c le ft palats, eye m a lfo rm ations, subcutaneous 
edema and hemorrhages in  th e  snout, abdom ina l ca v ity , liv e r and so ft tissues 
in  ra ts  when adm inistered du ring  early pregnancy [7 , 13—1 7 ]. 2,4-D  is 
e m b ryo to x ic  [1 8 ].  2,4-D  penetrates th e  placenta and the  fetuses [1 9 ].
2 .4- D  caused p o in t m u ta tions in  an im al cells w ith o u t live r activa tion , 
damages D N A  in  a m anner s im ila r to  io n iz in g  ra d ia tio n  and stim ulates 
m itos is  [2 0 —2 2 ]. E ndothe l-trea ted f r u it  flie s  developed an increase o f 
recessive le th a l m u ta tions [2 3 ].

2 .4 - D ich lo rophe no l is a m a jo r p ro d u c t o f the  breakdow n o f 2 ,4 -D  b y  
m icroorganism s [2 4 ].  The com pound is also te ra togen ic in  ra ts and carcino­
genic in  m ice. [6 ,1 4 ] .

2 .4 - D is ra p id ly  absorbed fro m  th e  hum an gastro in testina l tra c t and 
d is trib u te d  w id e ly  th rougho u t th e  body in  anim als and in  hum an beings 
[2 5 —2 8 ]. I t  is fa t soluble and ra p id ly  absorbed th rough  the  skin  and lungs 
[2 9 ].  A cu te  e ffects o f 2 ,4-D  po ison ing  in  hum ans in d u d e  headache, 
weakness, dizziness, nausea and vo m itin g , sore th ro a t, ir r ita tio n  o f nasal 
mucosa, im pared sense o f taste and sm ell, substeroal chest pain and loss o f 
Consciousness [3 0 ]. Peripheral neuropa thy, w h ich  begins w ith  tin g lin g  and 
numbness in  th e  extrem eties, has been reported  in  hum ans hours o r days 
a fte r exposure to  2,4-D  on th e  sk in . The sym ptom s in  some people increased 
th ro u g h  several weeks u n til 'pain,* paresthesia, and paralysis w ere severe. 
D is a b ility  was p ro tracted  and recovery was incom ple te  even a fte r a lapse o f 
years [3 1 , 3 2 ]. These sym ptom s resem ble those o f  m u ltip le  sderosis, and 
th is  has been con firm ed  b y  th e  fin d in g  o f  plaques o f  acute dem ye lina tion  in  
a ll parts  o f  th e  b ra in  o f  a m an w ho d ied  a fte r ingestion  o f  2,4-D  [3 3 ].

T he fo rm a tio n  and occurrence o f  tum ors in  m an and o the r m am m als, 
such as ra ts a n ti m ice, is  q u ite  s im ila r [1 1 ].  In  tests undertaken to  date, 
i t  has been dem onstrated th a t v ir tu a lly  every chem ical w h ich  has' been 
fo u n d  to  be carcinogenic in  m an is also carcinogenic in  one o r m ore
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m am m alian test anim als. I t  has been shown th a t i f  these compounds w ill 
produce tum ors in one species, they w ill very lik e ly  produce tum ors in  more 
than one; thus adding w eight to  any find ing  o f carcinogen icity in  tests using 
any m am m alian species.

S u ffic ie n t docum enta tion  is available on qua lita tive  extrapo la tion  o f 
anim al data th a t one m ust conclude th a t a fin d in g  o f carcinogen icity in  one 
m am m alian species should be deemed to  have relevance fo r o the r mammalian 
species — in c lu d in g  m an. This th reat may no t be m anifested fo r  up to  30 
o r 40 years, given the  long  la ten t period o f m any know n human carcinogens. 
G iven the  state o f carcinogen icity testing and know ledge, there can be on ly 
one safe to lerance fo r  a carcinogen — an absolute zero tolerance — and the 
o n ly  w ay a substance shown to  be carcinogenic in  test anim als w ill n o t be 
a th re a t to  hum an health  is sim ply to  prevent th a t substance fro m  entering 
th e  environm ent. T o  th e  extent th a t i t  does enter m an’s environm ent, i t  
w ill co n s titu te  a very real th re a t to  his health.

R ecent reports have described an increase o f m alignant neoplasms in  
hum an beings exposed to  phenoxyacetic acids. Humans exposed to  
pbenoxyacetic adds o r chlorophenols showed an increased risk  fo r the 
developm ent o f soft-tissue sarcomas [3 4 , 3 5 ].  Results also have indicated 
th a t hum ans in  con tac t w ith  phenoxy acids m ay also develop m alignant 
lym phom as [3 6 ] .
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