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Acceptable Daily Intakes (ADI's) for man in terms of mg/kg vody -
welght have been established by the Join. FAC/WHO Expert Committee
on Food Additives for many of the well-known additives in common
use, JSimilarly, Maximum Acceptable Daliy Intakes in termy of
mg/kg body-welght for pesuiclide residues have been establishei oy
the Joint Meeting of the FAO Working Party and the WHO Exper.

Committee on Pestlicide Residues,

In general, long-term (two year) dietary feeding stucdies in
laboratory animals furnish the basis of judgement in estabiishing
an ADI, Relying solely on data obtalned or laboratory animais,

it is common practice to apply a 100-fold "safety" facicr, In
cases where data are avallable from experience with humzn zub.jccts
Ecr from controlled .auman studles, which supplement and confirm

the observatlons on animals, a smaller (10-fold) safety faxtor

may be Jjustified,

Pozzani =2t al-1 have shown a relationshlip between single dose
inha.atisn data and single dose oral data for cer+ain 2ompounds;
however, simllar studles comparing repeated inhalatlon datza and
repeated oral data are not avallable. This 1is because meaningful,

Pong-berm dle.ary or water feeding dava wlth volatile comp .unds

ére not Sbralnable due .o vhe loss of the Les: c¢compound from he
foond or water during the study, and because of decreased pala-
ﬁabilicy due .0 fLaste and odor. Incubated doses or doses con.ained
in capsules and fed orally are not represencative c¢f =z dietary
res.ijue and piace unduly high acute toxicizy stress on Lhe animal

at the :time of dosing or when the capsule dissolves in the ali-

mentary tract, Due 1n part to these technical difficultlies, no
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chronic (2 year) dietary feeding studies have bLeen carried ou.
with the common ex.raction solvents: ethyiene dich.ceride,
CHpC1-CHACl; methylene chloride, CH2012; and rrichleorosectnylene,

CHC1=CC1,,

In order to surmount these technicai difflicul.ies, he {ol owing

alternative mcthod ls suggested,

Industrial experience ihas shown that certaln levels of commion:.
used sotvents can be inhaied safely by worikmen who are expose:
7 or 8 hours daiiy for their working Lifetime., These accepuab e,
sal'e conzentrations have taken various names :uch as Hvglenle
Standards, Maximum Allowabie Concentrations, llaximum Accentab.e
Concentratvions and !MAK's, Perhaps ihe oldes:. and best dosumen.ed
are chose used in the Uni.ed States which are catled Threshold
Limit Va.ues (T*V's}.9 Threshoid iImlt Vaive: (V1%'s) are re-
viewed and 1ssued annualily by a comuittee of Lhe American
Conference of Governmental Hyglenis.s (ACGIH).2 A TLV 1s defined
by .he ACGIH as follows:

Thresho)d 1imit values refer c¢o airborne concen.ra:i-ns

of substances and represent condjitinns under whizh 1u is

believed that nearly all workers may be repeated!y ex-

posed day after day :ithout adverse effect,., Because of

wide variation 1in individual suscepiioility, howvever, a

small percentage of workers may experience discomfor.

from some substances at concentrations at or below the

vhreshold 1limi., a smaller percentape may be affceeted

more seriously by aggravation of a pre-exisiting ¢ondti-

b}
tion or by development of an occupational illness,:
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According to Stokinger and Woodward3:

These threshold 1imli values represen. a naxima! average
concentration of a substance in workroom air Lha' pr.-
vides no hazard to heaith or weli-being of .he worker
during his working Life.ime. Tested under praciicai
conditions over a period of years, these values aave
considerable validity, Myst have safety fastores in-
corporated which are often of appreciabie magni.uie,
Some of these arise because the values are baveu n
considerations other than health--sucn as freedom from
irr_vation; oiaers, because of engineerins adavtact 117,

ma;’ provide large factors of safety uvn healtn,

Use experience has borne ou. the fact that if Lhe averape expn.oure
of the wrorkmen does not exceed the T'V . here is Litoie likel'lhood
of injurr, The pasis for seiection of tne T V's are diverse and
include such crizeria as objectlonavle ndor, eve irritatinn,
anesthesla, as wei! as systemic 1Injury. Drcumen.ation Lo suppirt
the zafe use of specific TIV's are publisned by Lhe ACGIH.“ Fir
the three volatlle exiractlon solven.s discussed In this paper,
references 5 .hrougn 9 are particularty pertinent, Thresho.d
Limitv Va'ues have been established as legal safeLy reguirementc

\
|

for obtainlng U.S. Federai Supply Cpntrauts.J

The American Nationa! Standards Institute Incorporate.i (ANSI)

1as published consensus standards for cafe repeated =zynosure o

.hese extractlon solvenis 237,21-1969; 737,23-1909; ~"37,.9-

1967, thr et

This committec composed of representativel of
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Labor, Government, Universities, Industry, Military and other
groups has adopted maximum average figures identical to the TLV's

recommended by the ACGIH for these extraction solvents,

Obviously 1f the TLV is based on odor, discomfort, or respiratory
irritation, the TLV bears lilttle relationshilip to an ingested

dose; but for ethylene dichlorlde and trichloroethylene the
criteria used 1in establishing the TLV's for 1lnhaled vapors are
based primarily on systemic toxleclty. For methylene chloride the
TLV has been selected to prevent anesthetic changes; since organic
Injury has been shown not to occur from repeated exposure of
animals co 10 times the TLV, an additlonal 10-fold safety factor

results. ”

Consequently, for these volatile extraction sclvents, it 1s valid
to use the Threshold Limit Values (TLV's) in terms of mg/m3 of air
as a baslis for calculating the Acceptable Dally Intakes (ADI's)
in terms of mg/kg body-weight, Similar calculations have been

used to establish drinking water standards by Stokinger and

wOodwar'd.3 The followling 1s duplicated from thelr publication:

TABLE 3
Limits for Organic Substances tn Water Calculated From Threshold Limuts for Air®

F;
Absotption Fartor Limit for Threshold Limit
Ovrganic Compound Water or \r
pom mi/ov .-

Inhalation logestivn

Acctone 0.5 1.0 6,000 1,000°
Acrylonitrile 078 0.85% 240 20
Allyl alcohal 015 0.8 55 S
Aniline 0.5 1.0 47 )
Renzene 0.15 04 340 25
Carbon tetrachloride J 05 180 25
Ethylenediamine 75 0.8 140 in
Formaldehyde . 04 o L)
Methyl bromide 0.5 240 10
Methylchlurolorm . 0.5 2,700 500
Phenol 1.0 95 S
Pyridine . 0.5 30 10

® All figuses appioximale,
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In the conversion of the amount of volatile solvent in the frprm
of vapor absorbed by the lungs into an eouivalent amount of &~ -
vent ingested, certain factors and assumptlions are reqguired.

1, The volume of ailr that a human breathes is related to the
amount of solvent sorbed by the lungs., On .he basis o[ the
generally accepted work of Silverman et a.‘.,lz'l it is assum~d
that moderately active workmen will inhale about 10 cubic
meters (m3) of air per 8 hour workday. This is the same
factor used by Stokinger and wOodward.3

2. Less than 100% of the solvent in the air breathed in uy
humans 1is sorbed through the lungs. Stokinger and Woodwzard
suggest 75% but McCollister et aL:5 in a study using mcnkeys,
found thav an average of only 30% of the total anmount of in-
haled carbon tetrachloride was absorbed, Carbon tetrachioride
1s less water snluble, less sorbed, and probably less retained
than the solvents under consideration here, The smaller the
lung retention factor used in calculating the daily revained
dose, the smaller the calculated daily scrbed dose, and
therefore, the greater che safety facior in converting to
dally ingested dose., In the absence of ocher data, the mous:
conservative position is assumed. Therefore, the iowest
‘probable retentlon factor for these solvents, based on carbon

.etrachloride at 30%, 1s used in all calculations instead of

che less conservative 75% suggested by Stokinger and Woodward.

Using these factors and assumptions, che calculation of the
Acceptable Daily Intake (ADI) in terms of mg/kg body-weigh. for
these volatile solvents may be made as follows:
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TLV(mg/m3air) x 10 (m3air) x 0,3(30% retention)
60 (kg,avg.body wt,) x 10(added safecy fact .r)

= ADI(mg/kg o rdr-we)

Thus, the Acceptable Daily Intakes (ADI':) for .nese Lhree v .i:-

tiie extraction solvents mar be calcuia.ed:

ETHYJLENE DICH._ORIDE

*x 1G x» 0.3
EOO'X 190 20.3 = 1.0 mg/kg body-veirht
€0 x 10

METHY LENZ CHI,OR IDE

1740%*x 10 x 0,3 .
60 x 10

8.7 mg/kg bodv-welgn:

TR ICHLOR OETHY LENE

c % : 2
53),§ lo‘f .3 - 2.7 mg/kg brdy-welghe
60 x Q

Conclusions

Considerable difficulty has been encountered In obtalning rmeaning-
ful long-term feeding data on laboratory animals using volati.e
solvents, It is recommende. that the Threshoid @ Imit Vaiues
(TLv's), established on the basis of vapor toxleliy dara on animals
and conflrmed through human tests and experlience, be empioved
calvulate the Accepuable Dally Intakes (ART'3) tor man, These
ADI's can chen Ye used in the accepted manner {» estabilich residue

Ltoterances for thege volaclle extraction colvenms 'n ©ni,

*Threshold Limit Values (TIV) as published by the Amevican
Conference of Governmental Industrial Hygienists (ACHTH' (1904,
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