the trade-mark name of “Flexol” Plasticizer

DOP, is being widely used in the production
ofﬂuibleﬁhnl,tubing,mdthelikcfmmuriom
synthetic resing. The ‘commercial product is a
light-colored fuid’ of medium viscosity with a-
specific grawtyuf()%s and a vapor pressure at
roomtempmhmoﬂessthan()()lmm of mercury.
The ester is practically insoluble in water but
miscible with most organic solvents.

The communication of Hodge (1) presents the
only publxshe& observations upon the toxicity of
this compound.: He failed to kill white rats with
oral dosesof.%.&gm/kg but did kill a small
proportion of the mice given mm.pmtonul injec-
tions of up to 128 gm./kg.’ Fatal doses to the
latter. speuupmduced enlarged Livers in which
clondyudhnsm seen. In view of the paudty
ofxnfommu“ﬂablnbywhnhmwuldw
thehnlthhmdimvolvedm the use of di(2-
ethylhayl)_pﬁthlhu “the stndy mpwted npon

Dl(zw phthalate, available under

- _dﬂliu(Z)mSO.ﬁ(ZOS
‘nuapd33.9 (252 to 45.7)
hbits.. Thulopesdthslog-douge
ot ,lmumlm and 3.42 re-
spectively and” these low values account for the,
hrgestanduddemhmsindmtedbythaﬁdmd
limits shown in parenthesss.’ :

The plasticizer was actually admmutem& as 8
dispersion in & 1 per cent solution of “Tergitol”
7 penetrant,$ 1 ml, oiwhxchmntamedOSOgm of

* Received for publication Feb 19, 1M8.

! With the assistance of other 'of the Mil-
tiple Industrial Fellowahip on Chemical Hygi

* Trade mark dumxmon of a surface active ngent,

the sodfum sulfate derivative of 3,9.diethyl tridec
) anol-ﬁ.

ACUTE AND SUBACUTE TOXICITY OF DI(2-ETHYLHEXYL) PHTRALATE
. WITH NOTE UPON ITS METABOLISM*

C. B’omSmmn ‘Caarizs P, CaxrEnTER AND HENRY F. Suvra, Ju!
B . lldlonlm.?mbnrg‘,?m‘ S

‘ ,otmumnumedthdm‘

W T A

{rorn the oral L
fore we concludh
is appreximately

the digestive

from these dosug
the phtl\nh.te It is our a:pemnu: that mmw_ - i
istration in-this form may increase intestinal o, f¢ Plasticizersat
sorption of water-insoluble fluids and accordingy, 3 resing by miRfp
reduce the apparent LDy upon comparison wy, & may resultn s
-doses given undiluted or dissvlved in & digestiyy,. ¥ formed by.cope
oll. However, the largest dosage given to ryy. J& from the ho’f
79.5 gm./kg., madmnuteredundﬂutedmu &' easily oxidi
killed 8 of the 10 animals receiving it. Th; §  present.. Tcﬂu
mortality is in agreement with the curve repp, ,‘-‘, ‘?%
senting all other results. In view of that fact y “‘Com' orP

belicve the surface active agent used to disper,
thnchmmlhdhtdexfmyeﬁectuponﬁ.'
accuracy of the toxicity data recorded above,
Death from ol doses was delayed. . .
uh&lfofthav:chmsmmvedthadmebycdm
or more, some injury other than narcosis wy
obviously involved in the fatalities.. Histologicy
mmmmofommofthenuumhdmru
generalized cloudy. swelling of the.liver ang 5
moderate degres of cloudy swelling of the kidney
aemmpsmedbygnnuhneu’ct:mmthemhuh
These changes indicaté- that liver and kidhey
injury contributed to the fatal outcome;
Single intraperitoneal injections-of undiluted -
d:(z-ethylhuyl)phthmumm-déhntsoﬁ&. _:,f :
307(23.2(040.6)@./&: mmw

Bans urnm

the peritoneal cavity.  Incomplete abaorption s .." at 170° C, mt
ahomfendﬁmthsmdyoim%&pmm ' The air was'éo
in rhbbits and man, - ' ~ B%. entering the'bap

Uungnmmrmodiﬁnhonoltbl"ood-‘ - sults in inhalatic
Drug Administration’s cuff test (3), single das ' of the same’or
wete held upon the intact rabbit skin for 24 hous | saturated withv
and the animals were observed fox the followiy % apportunity for

14 days. The greatest dosage we are able tosd %' process, Thee
minister reliably by this techuique is 20 mlX% % of rats were arm
That amount killed 2 of 6 rabbits. Heact % ®  cuastant ratip o
LD, by skin absorption in rabbits is in the peigh exbesure is great
borhood of 25 ml./kg., not significantly diffeed ¥ ruen opepating ¢
.- e kguad

uce
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ﬂyondmdnx mdlhonpmthlmwﬂlahobe
Tddeﬁampmwdmﬁmid
s u,_'{,r 1

e, ‘;“"’“a

tle.,

theexponuechamba Thnmethodn-
§5itn b inbhalalios; of & mist whosd Stincsatration is
: ““Mnorderotmawmdeuthtoinr
e wltlimpoult 170° C. and there is ample
R ity for oxidation products to form in the
"“We:!:nngad oti:‘;lﬂm‘.m&p.

in's geome series with a
208 ra il It is obvious that such an
.%nguﬂyﬁmaithndhum wark-
°peraung mmxxmlls and that it throws no
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mtheonlwaforthenmespeau. There-
ﬂ % ke we conclude that skin penetration in rabbits

B 5 ipproximately as complets as: absorption from
the digestive tract: . Nommrytotheskmr&ulﬁed

etic . they differ matetially in vapor pressure, The data
: oﬂermmmtbmaoompumoftheﬁmeﬁm

imthehotmxtum,méxfﬁopluumu

+; dosen-of di(2-ethylhexyl) phthalates; The chemi- -

\whut,dned.mﬂhmdult. Awppl&ﬁ;%dhm

e - s possible. These dossges were 1.9,09,04,02, -

‘mthoustel,resmblmxunﬂechm which d¢- -

light upon possible cumulative effects of repeated
action. Table 1 shows the results of mist ex-
posures using some plasticizers and other familiar
fluids known to be employed with safety, for com-
‘parison with di(2-ethylhexyl) phthalate.: .

- Wemmgnwethatthechemuhlutemeable 1
injure the body by diverse mechanisms and that

uponnummmdymmexpmwhth
bunquahhﬁumﬂnnhﬂtolhmuposum .
fmquentmthehlmdmgofphmcm They
showonlythltthehadthhmtdlotdl(z-ethyl-
. hexyl) phthalate in this mixing process are no
greutu'thnthmeoisomeothermtemhllmdy
used without mjnry to workmen, pwuded its

Overapemdof%dayuwoﬂmnlellbm
- tats weighing 120 to 150°gm. received daily oral -

Thmntofd:eteahnmdetmmedthm.x o
bmuawe& andtheutamwﬁghedmkly
sothntaalmhtwnddoaagemtamotﬂ/kg

rmmmtlnthmemtendmguw”m-p .
what retarded when compared with' that of the 5%
;control group. The blood cell counts;, hemoglobiin - *
"concentrations and differential white- cell counts |

‘remained pormal, The only micropathology de- .
stoctéd was tubular atrophy and degeneration in % .

curred in all rats eating the two higher concen- °°
trations in the diet and in none of the other
animals. .

In summary, a dosage of 0.4 gm./kg./day for
90 days caused no injury to rats beyond somewhat
retarded growth while a dosage of 0.2 gm./kg. /day
caused no injury whatever, It is impossible to
translate these data to human dosages, but it is
apparent that di(2-ethylhexyl) phthalate does not
possess great cumaulative action,
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IRRITATION

The irritation of di(2-¢thylliexyl) phthalate is
low, for 0.5 ml. of the undiluted chemical in the
eye of the rabbit produced no neczosis of the
comea detectable by fluorescein staining and only
transient congestion of the lids, Upon the rabbit
skin no congestion or other reaction resulted from a
single application. The plasticizer was applied
undiluted‘ to 23 human subjects in the form of
patch tests upon the back, left in contact 7 days
and reapplied on the same spots 10 days Iater.
No erythema or other reaction resulted at any
time during this test. Accordingly we can say
that the sensitizing power of this ester is not great.

_ MzTABOLISM

No rise in the urinary excretion of glycuronic
acid, ethereal sulfate, nor conjugated amino acids
was observed in rabbits and rats after fecding of
di(2-ethylhexyl) phthaiste. These results are in”
accord with those of earlier investigators (4, 5).
The absence of these conjugation products of
phthalic acid coincides with. Quick’s theory (6)
that the conjugation process is primarily a mesns
of changing & weak acid which the body- camnot,

metetolmmdwhthntmdhhte,f.

and that strong acids are generally excreted un- -
' combined. Phthalic acid is more highly ionised .
than mandelic scid, whmhukmwntobemd

foul. 2, u,

eesm:rvaporsmlll'(3),;“!ap]:alu:at:lmtoux'mg‘s :

rendered impracticable by a variety of mtexfem‘
materials. Earlier methods for the determinatioy,
of phthalic acid in urine depended upon the isly .
tion of the pure compound (4, 5). More recently.._ £
however, the general problem of phthalic sy,
detmnahonhsbmdmmtmmnm
mﬂlthemlymofﬂkydrums,mdthcmm

devised have been principaily gravimetric, m&..‘

variety of weighing forms employed. - Ofthelug
wehveimndtheludﬂtmhlﬂthm
mnvmmtohldlnlflu'.

moﬁummtthammdmbhﬁq

sions, Thepmcedundum‘bedbyl’oﬁnﬂ

mimﬂb

sodium hyd!
cxcess of alls
10ml to185x

Draw off:

Kjeldahl fxal

readily unconjugated,

Amhuvdykrgemuuumthem&d
fattymdsmfmdmthematnbhpnﬂ
m.mmmﬁzmﬂ“gm“ﬁ ZSnlfofmnmtnhdnnﬁc
fonmmmdmmbyrm», of ‘copper nitraté, 3 féw gla

" . (7). From a consideration of the. Gﬂﬁ?’ )
distillation, f; the kty. dcid: conten :
" mummmm‘m
. dnmundm éethylﬁum:,

&

3
g
3l
\" i

"
i

H
Jat

g

4

: Ssm)m (25
,‘-"-uam wuhadcmomfom. “Thiesd may bs &

ethylhcxy!)phth-hte. Inthcmeoﬂhenbht, mded,utheymonlytomvgbmm;c

at least, it is presumed that this information is &
measure of the intestinal absorption of the ester..
For the purpose of this investigation it was found
necessary to devise the analytical methnd which
follows. ; JE 4,

ESTIMATION.OF PareataTes IN Uz

While the fluorescein reaction provides a con-
venient method for the estimation of phthalate

and & certais amount of coloring material - b
Extract phthalic acid with four successive 50 ml

po:unnsohbhol-froeethyleme: :.The separi- B
turyfunnelmnybeshakmvngomulyutheni 3
httlctmdmcymionnmemuhxon. Combine the B .
successive portions of ether in another separatory 3

funnel, and wash once with 50 mlL of saturated

sodium chloride. Following this washing, remow § kad
the phthalic acid from the ether by extraction with J .
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 sodim hydroxide solution. It is essential that an
mdllhhbepmentmthsstep,mgenerd

urine is .

nination Bml to 15ml, ofalOpercentsol\monwmsuﬁce
h isola- #. Draw off the alkaline phase: into 4 100-ml.
wcently, ¥ Kjddahl flask, together with 15 ml to 20 mbs of
Yic acid ¥ wssh water and concentrate the entire solution to

vﬂ.lSml.byboihng Durmgthmpmcem of
‘& bolling down, add three portions of 2 ml. eu:hof
- Jpeemthydmgmpmndeat intervals, taking

, with a

elatter, :

te after: F- thesolution has been concentrated to small volume,
o7 . agkdify it with 8 minimum amount of 20 N sulfuric. .
id from F.: sk Bring the acid solution to near boiling,
extrace ‘and, while hot, treat it with saturated.potassium
e bow.. A pemnanganate solution added. dropwise umtil the
Sqund ] ‘htdmn)utmﬁamtmmhinapu-
=eimul- - Q8- sistent pink color:  This step insures the destruc-
forand hndmhcludwhmhomvvwldmm
ﬁ,ﬁéut. . i the Jead precipitation, . i

P the central tube of & small continudas extractor of
&ﬂtumtypemdauactmhnumﬂymth
{-lﬂﬂhrtheehoun To the flask containing the
- ther extract, add 25 ml; of distilled water, and.
~ bolloff the ether on a water bath,. To the aqueous
atract, add & drop-of phenolphthalein and being
hllem:mrmthmpermuodmmhy&mxide,
_Mding: one. drop in excess Precipitate the
phthalic acid from this solution by the addition of
F- 10 mL"of 10" per cent lead acetate solution con-

®a1 NG, 42 paper and washing three o four times
'."ﬁwﬂmtuhvmtheﬂhlkontothcihu The

‘mmdmmmmmmmm
% place & 250-ml. besker beneath the funnel
$ wthﬂudphthdltc,mdm&emtﬂc
3 Md'“hhmﬁnmtheﬂukontothﬂutpnpu
gy . everaladditional 5 ml. portions of 1 to 1 nitric
- ‘“dhtheﬁltermotdertooompletemhmgof

ml - § :'lﬂdphthahtemtothebuka Then add 3ml.
par mw"ﬁ" acid, precipitating lead sulfate. Evap-
e F ,m'“hem acid completely, and take up in
Vs Ailow ml. of ane part alcobiol and one part water.
't“g . ey ? $tand 2 hours, filter through & Gooch
::ﬂ- .mmrmtemamuﬂefumm,mdwexghm

th = -Lh Sulfate. The amount of di(2-ethylhesyl)
h # tepresented by the lead sulfate is calcu~

“mlOmLofmaadpulmmLo(mlum
ABW-85 §taind overnight, and filter using What-

TOXICITY OF DI(2-ETHYLHEXYL) PHTHALATE

. precantions to avoid excemive foaming, When . phthalate were added to control samples of rabbit -

R

asFol Yy Mum-udmmummﬁuumm:“

‘ mnmdfgmthan_ndthemﬂhr In each

Iated by multiplying the weight of the precipitate
by the factor 1.2878.

It has recently been pointed out (11) that lead’
is unsatisfactory as a precipitant for phthalate in
aqueous solutions since the optimum pH value at
which phthalate should be determined overlaps
. the pH value st which lead hydroxide forms. Ex-
periments performed in the course of the present
study in which known amounts of potassium acid

-urine showed that in the range of 50 to 75 mg, of
phthalic acid recoveries by the above method were:

2 per cent to 5 per cent high, and with quantities

of 100 mgm. the positive error was approximately

10 percent. Despite this uncertainty, the method
mmdﬂndmﬁmﬂymtafmbm
oL ,\‘ub-,,m“vs.,f . -'_, N, ,‘ R
Humons. Two adult male subjects swallowed
single doses of 10 gm. and 5 gm. respectively. of
di(2-ethylhexyl) phthalate, In the former case . -
this ingestion was accompanied by mild gastric -
dmbannesmdmodmuuthnis,whnemthe
latter instance: Bo, symptoms: whatsoever were
"noted. . In each instance, phthalate equivalent to -
approximately 4.5 per cent of the dose was re-
covered from the urine in the succeeding 24 hours.

The greater portion' was excreted between 5 and

* 7 hours after the dose, - '

Dogs. 'llumhdoywu;hmgmmm
10.56 kgm. received single oral doses of 2 gm. /kg.
" of the ester, and daily urine collections were made :
iorthmmhuqumtd:ys. . In this period of time, -
* the Iarger animal excreted phthalate equivalent to - -
4.5.per cent of the dose, while 2.0 pex cent was - -

case, the greatest amount was excreted during the
seeonddlydterdosint. \

Rab¥its. The urinary excretion of phthalate.
was studied in five adult male albino rabbits (2 to
3 kg. in weight) following single oral doses of
2 gm./kg. of di(2-ethylhexy)) phthalate. Urine
collections were made for three successive days
after dosing, since experience showed that con-
siderable amounts of phthalate were excreted even
on the last day of this period. The largest part of
the dose accounted for in this time was 65.4 per
cent in one case, while in another phthalate equiva-
lent to only 26 per cent of that administered was
found. The remaining three animals excreted
phthalate equivalent to 33.8, 43.8, and 40.5 per
cent of the dose respectively,

041242
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Rais. No quantitative dets were gathered on  these dosages were fad, all of 10 rats wouldd*
this species, but considerable smounts of phthalic exceptmtheunhke!ycmofastmng Antage,:
acid were recovered from the arine of rats fed the  between the injurious actions of the two, How,
ester. It is probable, thercfore, that the rat is m,noumlungedesurmfoundmum“m
51m.ihxtothubbitmmml.bihtytomehbolm Tbae!monlypanofthedcuoftheumm
this acid. - : - hlwbemubuo:bedﬁbmthed:gamm

_ P o . _:aphfh*umdeMMm%

Because study of the meubﬂm of cﬁ(z-ethyl- Amtdy”permtuahutbedbm*m
bexyl) phthalate has revesled that the ester is wlrwdmmoim’mdﬂmhoh 1 thy
saponified in the body, o-phthalic acid being ex- - Proportioes hydrolysis yields, which will ki s, {§
creted unchanged and none of the ester appearing =t of the mits is 7.1 gm./kg. dmhﬂm
in the urine, we have estimated the LDye of the $m:/kg. of the acid if the two have i
alcohol and acid where administered separately to - Joidt-toxic actions, If there is some degres
rats. It is true that Hodge (1) bhas reported the * mﬁmbmthemmthem
oral LDy of 2-ethylhexanol to be 3.2 gm./kg. for - tion of ester absotbed would be somewhat my,
rats, but he used heavy animals of mixed sex and's. The average recovery of phthalic acid in the
. unspecified strain. With many materials we find *ﬂbhﬁm‘hemwlbm
these factors cause mﬁm&dﬁummthﬁ Pﬂm*m which supports the f

whiterates -~ ) - i e, 3
Phthaﬁcmdmadmm:duzmﬁm ‘dumdonmmnfypmmmmmm
the mixed sodiurty and potassim; salt adfusted, mthﬂ‘:,&bum;nwmwxu
"pHY, iml-equrvdmttommo-phﬁaln icad can have any . itiffoengy |
' foxicty of di(2-ethylhexyl) phthaies,
rity kklgdyotentimlydmtamw
.thmhnﬂzmdxtmﬁkdy&um e
@ncphsﬁummbcpmdumdbym
.pelatively stroogly onized acids like o-phthek

ncﬁon‘henmthefmthtd-phtbdkw o)
recomadkomtheunnedduudrdnmpl iln:
while more than half of the fatty’ acid. recoven

was of lower molecular tthlnz-cthylhmﬂ\ : .
-l o welght tha "o, low toxicity and that the health hazards i)
TheLDuoftheesterwﬂlpmduoeupmupcmﬁ i jts use ap & plasticizer are slight. Suchinjuivf:
cation 13.0 gm./kg. of phthalic acid and 20.4 gmi /< tctwnmtdnuexmthhmthcbodynpw* ;
kg. of 2-ethylhexanol, The figures listed above - bﬁdﬂbmmﬂkylputoithcmoleculeﬂ&' :
showthatﬁammmnfthemdandﬂmhomthnwthaphthhtepom %
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