





FOREWORD

Collecting, organizing, and interpreting the toxicity data
on the surfactants certainly in our environment and possibly
included in traces in our diet or ‘water supply is such an
obviously timely contribution we can only feel grateful to
the author for his labors buttressed by data garnered from
over 140 references. The possible hazard to the human
population is estimated from summaries of (a) the acute
toxicities of more than 30 surfactants; (b) the effects on
human volunteers in 7 studies; (c) the chronic toxicity
studies of more than a score of surfactants consumed by
animals in feeding periods of a few days to 2 years; (d) the
10 fertility and reproduction studies in animals; (e) the
investigations of the role of surfactants in tumor produc-
tion, in infections, and in the promotion of intestinal ab-
sorption processes. As the basis for comparisons, careful
estimates of average human consumption of surfactants
are made. The environmental hazard from surfactants is
shown to be reassuringly negligible.
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Summary

This review is a guide to the original
scientific literature (through 1965) perti-
nent to possible effects of our exposure
to the,trace amounts of surfactants which
may enter our environment via sewage.
The data show beyond any reasonable
question that the margin of safety is very
great, and there is no indication that
hazard exists.

The review is divided into the follow-
ing sections:

1. Introduction. Background of the
problem and scope of the review.

2. Exposure Levels in Our Environ-
ment. The amounts of surfactant
which might be ingested by the in-
" dividual in the normal course of
events.

3. Acute Toxicity. Lethal dose data
for surfactants in animals.

4. Chronic Toxicity. Absence of toxic
effects of surfactants upon pro-
longed feeding below the lethal dose
limit, in man and in uvp to three
generations of animals.

5. Solubilization and Synergy. Experi-
ments indicating the negligible de-
gree of hazard associated with sur-
factants at environmental levels
through promotion of (a) activity
of carcinogenic substances, (b) bac-
terial or viral infectivity, or (c) in-
testinal absorption.

1. Introduction

A surfactant intended for commercial
sale, either as such or as a component in
a detergent or cleaning formulation,

should first undergo exhaustive tests to
establish that there is no direct hazard
to the health of the user. The detergent
industry is particularly careful in this
regard -because...many.. of. its ‘products
come-into- intimate-contact with the skin,
and are also used in the washing of
wearing apparel, food, and food utensils.

In recent years a whole additional area
of potential hazard has come into view
as a consequence of increasing population
densities: contamination of water supplies
by sewage and other wastewaters. One of
the minor but (by virtue of its foaming
properties) more obvious components of
sewage was tetrapropylene-derived alkyl-
benzene sulfonate (tpABS), the surfac-
tant in major use during the years 1950-
1964. Detergents based on this material
have been in almost universal use in our
nation’s households, so that it has been
present in our domestic sewage at levels
averaging around 10 parts per million
(ppm). Most of our sewage ultimately
finds its way into rivers or ground waters.
Our rivers have averaged perhaps 0.1
ppm or less of tpABS except in the cases
where they are made up largely of raw
or treated sewage, where they have oc-
casionally run up to 1 ppm or higher.
Ground waters have ranged from zero
to several parts per million, depending
upon the proximity to sewage entry
points. '

Use of tpABS was discontinued by the
United States detergent industry in mid-
1965 in favor of linear alkylate sulfonate
(LAS) and other surfactants more easily
decomposed by bacterial action. Thus
surfactants originating from detergents
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will be a diminishing factor in the prob-
lems of sewage contamination still facing
us. Nevertheless it seems appropriate at
this time to bring together data relevant
to the margin of safety which we can

expect.

In this particular context we will pri-
marily consider the anionic and the non-
ionic surfactants. Cationics are used in
relatively small quantities, mainly as bac-
tericides and sanitizers rather than as de-
tergents, and the quantity app.ear'ing in
wastewaters is completely insignificant.
Furthermore, cationic surfactants are
neutralized, chemically and functionally,
by an equivalent amount of anionic sur-
factant, so that they do not exist in free
form in the presence of excess anionic.

Anionic and nonionic surfactants are
relatively non-toxic to mammals, falling
in the same general range as sodium
chloride or sodium bicarbonate. Pro-
longed ingestion of hundreds or thousands
of milligrams per day has been found
harmless to humans, thousands of times
the amounts which would enter through
use of municipal drinking water where
tpABS levels have averaged'v\.fell below
0.1 ppm (one-tenth of a milligram per
liter).

The references forming the basis for
the above generalization are listed in full
in the following sections. Tabulations of
much of the data is beyond our scope,
because a multitude of experimental de-
tails and variables and qualifying cir-
cumstances would have to be enumerated
for intelligent use and comparison of the
exact numerical results; direct consulta-
tion of the original publication is ad-
visable. In some cases complete informa-
tion is not given even in the original,
particularly with respect to the exact
chemical nature or structure of the sur-

factant used.

Literature coverage in this survey is
intended to be reasonably complete. Two
main handicaps were encountered: first,

it is not possible to define rigidly the exact
limits of the subject matter; and second,
the broad interdisciplinary interest has
resulted in papers scattered through a
multitude of peripheral journals.

2. Exposure Levels in Our
Environment

To establish a frame of reference for
the toxicity data which follow, we shall
first consider the typical amount of sur-
factant of detergent origin ingested by
the average person. The indications are
that this is somewhere in the vicinity of
one milligram per day.

Municipal drinking waters of 32 U.S.
cities have shown tpABS levels from zero
to 0.14 ppm, averaging about 0.025 ppm
(AASGP 1961). An upper limit of 0.5
ppm for anionic surfactant content was
established for aesthetic (rather than
toxicity) reasons in the U.S. Public
Health Service Drinking Water Standards
(1962), although well water may oc-
casionally be grossly contaminated with
sewage and show tpABS levels of 1 ppm
or more. Assuming that a person drinks
two liters of water per day, the tpABS
intake would be 0.05 milligrams from the
average municipal water, or 1 milligrain
at the upper limit of the USPHS Stand-
ards.

Kriiger (1960, p. 291) reports that
intake of surfactant through imperfect
rinsing of dishes and utensils has been
estimated at around 100 milligrams per
year, or 0.3 mg. per day. A study by the
British Committee on Synthetic Deter-
gents indicated that unrinsed vessels im-
parted 0.2 to 1 ppm of surfactant to the
water when refilled (Ministry of Housing,
1956, p. 10). Assuming a water use of
2 liters per day this would correspond to
0.4 to 2 milligrams per day. Bornef
(1957, p. 592) estimates the average in-
take as about 0.01 milligram per kilo-
gram per day, or (.5 to 1 milligram per
person. Measurements by Wedell (1964)

led to a value of about 0.4 milligrams per
day.

Use of tpABS for washing foods has
been approved by the U.S. Food and
Drug Administration (1964a). However,
published data are scanty on amounts of
surfactant residues remaining after rins-
ing, presumably because this is not a
common household practice. Shinoda
(1962) reports 0.1 to 0.2 milligrams of
tpABS remaining per 100 grams of cab-
bage, and if we assume this to be typical
we again may estimate a daily intake in
the order of magnitude of one milligram.

Another entry route for surfactants in-
to the human system is via toothpaste.
The usual formulation contains 1-2% of
surfactant, which would amount to per-
haps 10-20 milligrams per use. If 1-2%
of this is swallowed or absorbed that
would amount to 0.1 to 0.4 milligrams.

Summing up all of these, we can esti-
mate that the average intake of surfact-
ants of detergent origin may range be-
tween about 0.3 and 3 milligrams per
person per day.

There is another class of surfactant
compounds which has no detergency
properties and does not properly fall into
the scope of the present discussion be-
cause they are not used in commercial
detergent formulations. These are the
emulsifiers used in certain foods at levels
up to around 0.5%. Pratt (1952) has
estimated an average intake around 500
milligrams per person per day; their
harmless nature has, of course, been
demonstrated (page 5).

3. Acute Toxicity

The toxic level of a substance for human
beings is ordinarily estimated from the
results of animal experimentation. Table
1 shows data on the acute oral toxicity
of various surfactants when fed to vari-
ous mammals, expressed as the LDy, the
lethal dose of substance per kilogram of
body weight which in a single administra-

tion will on the average kill half of the
animals in the test group. Such data are
only semi-quantitative, depending on
many experimental variables as discussed
by Treon (1962) and Griffith (1964).
Furthermore, extrapolation from other
animals to human beings introduces some
further uncertainty; for example see
Brodie (1965). Nevertheless, extreme
precision is unnccessary for our present
purpose, since it will be evident that the
margin of safety is very great when we
are considering environmental exposures
to surfactants.

For example, the first section of Table
1 shows that the LDy, of alkylbenzene
sulfonates is in the range of 500 to 3000
milligrams per kilogram. The lower figure
corresponds to a dose of about one ounce
for an individual weighing 120 pounds,
some 25,000 times greater than the daily
intake estimated in Section 2. The higher
figure is in the same order of magnitude
as sodium chloride (3100 mg./kg.) or
sodium bicarbonate (4300 mg./kg.) as
reported by Snyder (1964).

Other anionic surfactants, the sulfates
and sulfonates listed in Table 1, fall in
this same toxicity range. Some of the
nonionics do also, while others exhibit
still lower toxicity. The cationic sur-
factants listed in the table likewise over-
lap the anionics, but they are in general
somewhat more toxic. The only human
fatality that has been reported resulted
from ingestion of a cationic — less than
one ounce of an alcoholic disinfectant
containing 10% of a quaternary am-
monium derivative. It was determined
that alcohol increased the toxicity of the
cationic (Adelson, 1952).

4. Chronic Toxicity

Although the probability of acute
poisoning by detergent type surfactants
is vanishingly small, prolonged ingestion
of smaller amounts of surfactants should
also be examined for undesirable effects.



Controlled observations upon humans are
possible at levels below the acute toxicity
limit, and the potential usefulness of sur-
factants in medicine has led to many
investigations, such as those reviewed by
Borneff (1957). Table 2 lists several ex-
periments in which surfactants were fed
to human volunteers over long periods at
levels 100 to 10,000 times as great as the
1 milligram per day estimated normal
ingestion. No harmful effects could be
found as judged by the many criteria
listed in Table 2.

Exposure of workmen in surfactant
manufacturing plants over long periods
of time has also been cited as evidence
for their lack of toxicity, for example by
Benaglia (1943) for dialkyl sulfosuccin-
ate. Sakabe (1962) measured the amount
of tpABS dust inhaled by workmen as
about 4.5 milligrams per hour; no clini-
cal effects were found, although skin
irritation did result from the prolonged
external contact.

The use of surfactants at extremely
high levels in medicated sprays or aero-
sols has been examined. Hall (1950)
studied four different anionic surfactants
and found that aerosols produced from
water containing 1000 ppm of surfactant
had no adverse effects on guinea pigs
when inhaled 8 hours per day for 6 days,
but that at 5,000 ppm there was difficulty
in breathing and at 10,000 ppm some
deaths resulted. Histological changes in
the lungs were noted at the two higher
levels. Hall’s four anionics were two
alkyl sulfates, an alkylaryl sulfonate and
a dialkyl sulfosuccinate. Grubb (1960)
reported that lauryl alcohol EO(7)
showed no harmful effects when inhaled
from a vaporizer by rats or humans.

Numerous prolonged animal feeding
experiments are listed in Table 3. Perhaps
the most significant are the two-year rat
studies (which encompass the entire life-
time of the experimental animals). Typi-
cal results include those of Bornmann
(1963) who administered both tpABS

and LAS in the drinking water at 100
ppm. The daily consumption of water was
20-30 ml. of water per animal, making
the ABS dose 2-3 mg. This is the same
order of magnitude as the estimated daily
human intake, but since a rat weighs half
a kilogram or less the rat dose per kilo-
gram was more than 100 times the human.
Tusing (1960) and Paynter (1960) used
dose levels up to ten times higher yet.
All of these studies showed no significant
difference between the alkylbenzene sul-
fonate fed animals and the controls. Simi-
lar results were obtained in most of the
other studies in Table 3. Even in the case
of the cationic surfactants no effects were
noted except for doses very much higher
than can be anticipated in the general
human environment.

Daily doses of alkylbenzene sulfonates
as high as 50% of the LDy, were ad-
ministered to rats by Hine (1953) up to
45 days with no noticeable effect, and
up to 10% by Garshenin (1963) with
little effect. On the other hand, Hopper
(1949) tested 17 different surfactants at
10% of the LDy, in daily doses and
found significant mortality for many of
them within a month. Needless to say,
these exposures are many orders of mag-
nitude higher than found in our environ-
ment.

In addition to tests over one lifetime,
experiments have been carried still further
to determine any possible effect upon
reproduction or offspring. Table 4 lists
a number of studies which show that al-
kylbenzene sulfonates and several other
surfactants in the diet of rats had no de-
tectable effects at least into the second
generation of offspring. Petri (1961)
mentions a harmful effect upon pregnant
guinea pigs when their drinking water
contained 2% (20,000 ppm) of various
unspecified detergents; details of this
work do not appear to have been pub-
lished but its significance in terms of
actual environmental exposures is ques-
tionable.

In addition to the long term feeding
studies on mammals listed in Table 3,
there are many papers in the literature
on the use of surfactants at the 0.1 to
1% level in the diet of poultry to im-
prove their rate of growth and efficiency
of feed utilization; for example see
Bolton (1961), Havermann (1957),
Knauth (1964), Ney (1954), Ringrose
(1959), Stern (1953). Although there is
considerable disagreement as to achieving
the desired effects, there is no indication
that surfactants are harmful to the birds
at these relatively high levels.

Certain nonionic products have been
used for many years as food additives to
impart a variety of desirable properties,
and much of the toxicity data on non-
ionics were originally determined with
sych use in mind. Not having been de-
signed with good washing and cleaning
properties, in general these products are
not used in commercial detergents. The
Food Protection Committee of the Na-
tional Research Council (1956) has re-
viewed surfactants as food additives with
the conclusion that surface activity itself
is not a measure of toxicity and that the
safety of each surfactant for use in food
must be determined separately as with
every other material regardless of type.
Keyworth (1956) has also contributed a
review of this subject. Recent approvals
by the U.S. Food and Drug Administra-
tion (1960, 1964b, ¢) include the use of
fatty acyl sorbitan ethoxylates at levels
up to about 0.5% in certain foods and
beverages.

5. Solubilization and Synergy

In addition to the preceding data which
show quite conclusively that surfactants
themselves present no particular hazard
to mammals, one further area has been
studied: can surfactants enhance the ac-
tivity of other potentially harmful agents
in our environment? Such effects might
arise (1) simply from their surfactant
properties which conceivably might in-

fluence the solubility, dispersion, mobility
or penetration of other materials, or (2)
from synergy, the enhancement (or re-
pression) of activity of two or more com-
pounds together compared to the activity
of either alone.

a. Cancer

Borneff (1959a) has discussed the pos-
sible interaction of surfactants with thz
carcinogenic hydrocarbons which may be
present in soot, engine exhaust fumes,
asphalt and the like, suggesting that sur-
factants might increase the concentration
of such materials dissolved in water
supplies. Subsequently, Borneff (1960,
1963) experimentally demonstrated the
incidence of stomach tumors, including
carcinomas, in mice which had been
given water containing 3% (30,000 ppm)
detergent and 10 ppm of a carcinogenic
hydrocarbon (benzopyrene) in their
drinking water for most of their lifetime,
about 400 days. When the benzopyrene
was given in the food the incidence of
tumors was considerably lower and there
were no carcinomas; here the presence
or absence of detergent in the water made
no difference. Without benzopyrene but
with detergent the total tumor incidence
was still lower (again no carcinomas);
this group showed a somewhat higher
incidence of hyperkeratosis and some-
what lower incidence of lung adenoma
than did the corresponding controls. The
detergent used was a proprietary formu-
lation, not characterized as to chemical
nature or content of surfactant. Borneff
(1959b) elsewhere stated that it con-
tained both anionic and nonionic sur-
factants.

Borneff concluded in view of these
results that the household use of and
resulting ingestion of detergents presents
no hazard, either from enhancement of
carcinogenic action of other materials in
the diet or from toxicity of the detergent
itself. His question, not completely
answered in this study, as to whether









TABLE 1 — {Continued)

Surfactant

Oleoyl methyl tauride
Oleoyl methyl tauride
Oleoyl methyl tauride
Isopropylnaphthalene
Butyl biphenyl

Butyl phenylphenol
Ethyl phenylphenol
Dodecyl diphenyl ether
Alkylarylamine

Dioctyl succinate
Dioctyl succinate
Octylphenol EO (Note 4)

NONIONIC
Stearoyl EO (8)

Stearoyl EO (8)

Stearoyl EO (8)

Fatty acyl EO

Lauryl alcohol EO (4)
Lauryl alcohol EO (4)
Lauryl alcohol EO (7)
Lauryl acohol EO (7)
Lauryl alcohol EO (9)
Lauryl alcohol EO (23)
Lauryl alcohol EO (23)
Stearyl alcohol EO (2)
Stearyl alcohol EO (10)
Stearyl alcohol EO (20)
Oleyl alcohol EO (2)
Oleyl alcohol EO (10)
Oleyl alcohol EO (20)

Fatty acyl sorbitan EO (20)

Fatty acyl sorbitan EO (20)
Fatty acyl sorbitan EO (20)
Fatty acyl sorbitan EO (20)
Fatty acyl sorbitan EO (20)

Octyl phenol EO (1)
Octyl phenol EO (3)
Octyl phenol EO (5)
Octyl phenol EO (8-10)
Octyl phenol EO (12-13)
Octyl phenol EO (16)
Octyl phenol EO (20)

LDso
mg/kg

6600
4000+
6300
1900
3400
2200-3800
2000
700
2800
4800
1900
4900

20,000—
27,000
53,000—
64,000
12,000+
25,000+
5000-7600
8600
1170
4150
3300
3500
8600-9350
25,000+
2900
1900
25,800
2700
2800
37,000—
60,000+
18,000
25,000-F
20,000+
20,000+
7000
4000
3800
1800
1900
2800
3600
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Animal

Mouse
Rat
Mouse
Mouse
Mouse
Mouse
Rat
Rat
Mouse
Mouse
Rat
Rat

Hamster
Rat

Rabbit
Mouse
Mouse
Rat
Mouse
Rat
Mouse
Mouse
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat

Hamster
Mouse
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat
Rat

Reference

Hopper
Woodard
Woodard

Hopper

Hopper

Hopper
Woodard

Olson
Woodard
Hopper
Olson
Finnegan

Eagle
Eagle

Eagle
Hopper
Treon
Treon
Grubb
Grubb
Berberian
Treon
Treon
Treon
Treon
Treon
Treon
Treon
Treon
Eagle

Eagle
Hopper
Krantz
Treon
Finnegan
Finnegan
Finnegan
Finnegan
Finnegan
Larson
Larson

1949
1945
1945
1949
1949
1949
1945
1962
1945
1949
1962
1953

1956
1956

1956
1949
1962
1962
1960
1960
1965
1962
1962
1965
1965
1965
1965
1965
1965
1956

1956
1949
1951
1965
1953
1953
1953
1953
1953
1963
1963

TABLE 1 — (Continued)

Surfactant

Octyl phenol EO (30)
Octyl phenol EO (40)
Nonyl phenol EO (9-10)
Lauric diethanolamide

CATIONIC

Quaternary ammonium
Quaternary ammonium
Quaternary ammonium
Quaternary (Note 5)
Quaternary (Note 5)
Quaternary ammonium
Quaternary ammonium
Quaternary pyridinium
Quaternary pyridinium
Quaternary pyridinium
Quaternary pyridinium
Quaternary pyridinium
Lauryl imidazoline

LDso
mg/kg

21,000
28,000+
1600
2700

235
390-1000
340-2000

230-730
160-315
410-1600

350

470-2500+
200-250

230

200

400+

3200

Animal

Rat
Rat
Rat
Rat

Rat

Rat

Mouse

Rat

Guinea pig
Rat

Rat

Mouse

Rat

Rat

Guinea pig
Rabbit

Rat

Reference

Larson
Larson
Olson
Olson

Alfredson
Finnegan 1953,
Hopper
Shelanski
Shelanski
Treon
Woodard
Hopper
Nelson
Shelanski
Shelanski
Warren
Olson

1963
1963
1962
1962

1951
1954
1949
1949
1949
1962
1945
1949
1946
1949
1949
1942
1962

Note 1. Exact chemical structure of alkylbenzene sulfonate often unspecified; in such cases
probably derived from kerosene or from tetrapropylene.

Note 2. Triethanolamine salt.

Note 3. Detergent formulation containing 20% surfactant.
Note 4. Octyl phenol ethoxylate sulfonate.

Note 5. Ammonium and pyridinium.
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TABLE 2 TABLE 3

Surfactant Feeding Experiments — Humans Surfactant Feeding Experiments — Animals
Dose, No. (Note 1) Effect
Surfactant mg/day Duration  Subjects  Effect Reference Surfactant Animal Dose (Note 1) Duration (Note 2) Reference
ANIONIC ALKYLBENZENE SULFONATE (Note 3)
Alkyl aryl sulfonate 100 4 mo. 6 0 Freeman 1945 ] Pia 2000 ppm-food ~ — ° Beeson 1953
A]kyl Sulfate 1000 8 wk. 1 [¢] FOgelSOH 1944 tpABS Rat 2.3 mg/d 2 yr. o Bornmann 1963
Alkyl sulfate 1000 30 d. 34 o Fogelson 1944 I LAS Rat 2-3mg/d 2 yr. o Bornmann 1963
Alkyl sulfate 6000-9000 25-38 d. 4 [} Kirsner 1944 Rat 100 mg/kg/d . o Cabejszek 1963
Hexadecyl sulfate 3600 15-80 d. 18 o, X Prudden 1950 Rat 10,000 ppm-food 4 mo. o FItThUgh 1948
NONIONIC Dog 80 mg/kg/d 6 mo. o Freeman 1945
Stearoyl EO (40)  4500-6000 12 d. 8 o Culver 1951 Eat 580105]1;'“'&;0‘1 46,2 g 0 GFreﬁm?n lggg
Oleoyl sorbitan 4500-15,000 14-9 mo. 2+ 0 Jones 1948 .at : s0/day X arshenin 1
EO (20) (Note 4) Pig 9000 mg/day 206d o Havermann 1954
. Rat 20 ppm-food 6 mo. 0 Hine 1953
1 sorbit 4500-6000 1-4 yr. 100+ Krantz 1951
01%03 (5203)1 an T © Rat 0.5 LDy,/day 45 d o Hine 1953
Rabbit 100 mg/day 20d X Hueper 1944
Cy, Cig, Cyo alkyl Rat, dog 5000 ppm-food 90d o Kay 1965
Note 1. o = no deleterious effects attributable to the surfactant. tpABS Dog 5000 ppm-food 2 yr. 0 Kay 1965
x = no serious effects attributable to the surfactant. LAS Rat 5000 ppm-food 90d o Kay 1965
Effects judged on the basis of such considerations as subject’s feelings, body weight, Rat 30 mg/kg/d 6 mo. 0 Okahara 1963
metabolic rate, blood picture, liver function and kidney function. Tests included tpABS Rat 250 mg/kg/d 12 wk. o Oser 1965
blood pressure; red and white cell count; hemoglobin; blood calcium, phosphorus, LAS R 250 K /d 2 wk cer 1965
vitamin A, urea nitrogen, non protein nitrogen; serum albumin, globulin, bilirubin, at mg/kg/d 12 wk. o Oser
cholesterol, cholesterol esters; differential blood smear; prothrombin time; intravenous tpABS Rat 2000 ppm-food 2 yr. 0 Paynter 1960
hippuric acid test; cephalin flocculation; bromsulfalein retention; thymol turbidity; Pic 2600 ppm-food _ o Perry 1953
kidney concentrating action; urea clearance test; urine albumin; fecal fat, nitrogen. RaDt 5000 ppm-food 13 wk. o Sanz Ibafics 1964
(Note 5) Rat 5000 ppm-food 2 yr. 0 Snyder 1964
tpABS Rat 5000 ppm-food 2 yr. o Tusing 1960
G. pig 2000 ppm-water 180 d. o Woodard 1943

ALKYL SULFATE

Lauryl Rat 30 mg/day 160 d. o Epstein 1939
Lauryl Rat 10,000 ppm-food 2 yr. o Fitzhugh 1948
Lauryl Dog 135 mg/kg/day 10 mo. o Fogelson 1944
Lauryl Rat 60 mg/day 5 wk. o Hatton 1940
Lauryl G. pig 2000 ppm-water 180 d. 0 Woodard 1945
2-Ethylhexyl Rat 175 mg/kg/day 30d. o Smyth 1941
2-Ethylhexyl Rabbit 100 mg/day 20d. X Hueper 1944
7-Et-2-Me- Rat 25 mg/kg/day 30d. o Smyth 1941
undecyl-4
3, 9-diEt- Rat 65 mg/kg/day 30 d. o Smyth 1941
tridecyl-6
SULFATED NONIONIC
Lauryl EO (3) Rat 5000 ppm-food 2 yr. o Tusing 1962
MISCELLANEOUS SULFONATES
Alkane - Rat 0.1 LDy, /day 45d. 0 Garshenin 1963

-12- -13-



TABLE 3 — (Continued)

Surfactant

Lauryl

¢glyceryl ether
Oleoyl

methyl tauride
Oleoyl

methyl tauride
Alkyl aryl
Butyl phenylphenol
Isopropyl-

naphthalene
Lauryl benzoate
Dioctyl succinate
Dioctyl succinate
Dioctyl succinate
Dioctyl succinate
Dioctyl succinate
Dioctyl succinate
Dioctyl succinate
Dioctyl succinate

NONIONIC

Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearcyl EO (8)
Stearoyl EO (8)
Stearoyl EQ (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (8)
Stearoyl EO (38)
Stearoyl EO (38)
Stearoyl EO (38)
Lauryl

alcohol EO (7)
Lauryl

alcohol EO (9)

Animal

Rat
Rat
G. pig

G. pig
G. pig
G. pig

G. pig
Rat
Rabbit
Monkey
Dog
Rat
Rabbit
Mouse
G. pig

Hamster
Mouse
Dog

Rat
Hamster
Rat

Dog

Rat

Rat

Rat
Hamster
Rat

Cat

Rat

Rat
Hamster
Hamster
Hamster
Hamster
Mouse
Dog

Rat

Rat

Dose (Note 1)
5000 ppm-food

20,000 ppm-food
2000 ppm-water

2000 ppm-water
2000 ppm-water
2000 ppm-water

2000 ppm-water
200-900 mg/kg/d
500 mg/kg/d

125 mg/kg/d

250 mg/kg/d
5000 ppm-food
250 mg/day

4 mg/day

2000 ppm-water

50,000 ppm-food
50,000 ppm-food
50,000 ppm-food
250,000 ppm-food
50,000 ppm-food
20,000 ppm-food
50,000 ppm-food
110,000 ppm-food
110,000 ppm-food
250,000 ppm-food
50,000 ppm-food
100,000 ppm-food
200,000 ppm-food
200,000 ppm-food
250,000 ppm-food
50,000 ppm-food
150,000 ppm-food
150,000 ppm-food
50,000 ppm-food
50,000 ppm-food
50,000 ppm-food
3,400 ppm-food

390 mg/kg/day
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Duration

2 yr.
4 mo.
180 d.

180 d.
180 d.
180 d.

180.d.
6 mo.

24 wk.
24 wk.
24 wk.
2yr.

5 mo.

7 mo.

180 d.

21 wk.
39 wk.
2 yr.
20 mo.
1yr.
32 wk.
59-70 d.
68 d.
500 d.
1yr.

2 yr.
21 wk.
39 wk.

2-10 wk.

4 wke

22.d.

Effect
{Note 2)

(o]

o)

o o O o0 o ©Q

w o oo

el
B

©C 0 0 XWX 0o 0o oo

XX
XX

© O O ™M ¥ K

Reference

Tusing 1962
Fitzhugh 1943
Woodard 1945

Woodard 1945
‘Woodard 1945
Woodard 1945

Woodard 1945
Benaglia 1943
Benaglia 1943
Benaglia 1943
Benaglia 1943
Fitzhugh 1943

Hueper 1944
Lorenz 1940
Woodard 1945

Brush 1957
Brush 1957
Brush 1957
Eagle 1950
Eagle 1956
Fitzhugh 1959
Fitzhugh 1959
Graham 1954
Graham 1955
Harris 1951a
Harris 1951b
Krehl 1955
Krehl 1955
Oser 1956
Poling 1956
Poling 1956
Schweigert 1950
Wang 1950
Brush 1957
Brush 1957
Brush 1957
Grubb 1960

Berberian 1965

TABLE 3 — (Continued)

Surfactant

Oleyl
alcohol EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EO (20)

Fatty acyl sorbitan
EOQ (20)

Fatty acyl sorbitan
EO (20)

Octyl phenol EO

QOctyl phenol
EO (40)

Octyl phenol
EO (40)

Alkylphenol EOQ

Alkylphenol EO

Fatty acyl sucrose

Fatty acyl sucrose

Animal

Rat
Hamster
Mouse
Dog
Hamster
Mouse
Mouse
Rat

Dog

Rat
Hamster
Rabbit
Monkey
Rat

Rat
Hamster

Rat
Rat

Dog

Rabbit
G. pig
Rat
Rat

Dose (Note 1)
70 mg/kg/day

50,000 ppm-food
50,000 ppm-food
50,000 ppm-food
50,000 ppm-food
100,000 ppm-food
100,000 ppm-food
20,000 ppm-food
50,000 ppm-food
250,000 ppm-food
50,000 ppm-food
20,000 ppm-food
1000 mg,‘day
200,000 ppm-food
250,000 ppm-food
50,000 ppm-food

10,000 ppm-food
14,000 ppm-food

50,000 ppm-food

250 mg ‘day

2000 ppm-water
100,000 ppm-food
2000 mg kg /day

~15-

Duration

6 mo.

39 wk.

26 wk,

20 mo.

59-70 d.

68 d.
2 yr.
10 mo.
2 yr.
21 wk.
39 wk.

4 mo.

2 yr.
3 mo.

5 mo.
180 d.
2 yr.
90 d.

Effect
(Note 2)

s}

XX

XX

XX

Reference

Sweeney 1953
Brush 1957
Brush 1957
Brush 1957
Eagle 1956
Ewing 1964
Ewing 1964

Fitzhugh 1959

Fitzhugh 1959

Harris [951a

Harris 1951b

Krantz 1951
Krantz 1951

Oser 1956
Poling 1956
Poling 1956

Fitzhugh 1948
Larson 1963

Larson 1963

Hueper 1944
Woodard 1945
Chiancone 1963
Hara 1960



TABLE 3 — (Continued)

Surfactant Animal
CATIONIC
Quaternary Rat
ammonium
Quaternary Dog
ammonium
Quaternary Rat
ammonium
Quaternary Dog
ammonium
Quaternary Rat
ammonium
Quaternary Rabbit
ammonium
Quaternary Rat
(Note 6)
Quaternary G. pig
(Note 6)
Quaternary Rat
pyridinium
Quaternary Dog
pyridinium
Quaternary Rat
pyridinium
Quaternary Rabbit
pyridinium
Quaternary G. pig
pyridinium
“VARIOUS DETERGENTS”
Rats
Rabbits

Note 1. Many of these investigators have reported r
those tabulated here are the highest at whic
significant effects were observed at all levels

Dose (Note 1)

2500 ppm-food
1200 ppm-food
2500 ppm-food
500 ppm-food
625 ppm-food
100 mg,/day
25 mg/kg/d
25 mg/kg/d
60 mg/kg/d
20 mg/kg/d

20 mg/
100 mg/kg/d

2000 ppm-water

100 mg/kg/d
1000 mg/kg/d

Duration

2 yr.
15 wk.
2yr.
1yr.

2 yr1.
12 d.
2yr.
1yr.
60 d.
90 d.
25 wk.
4 wk.

40 d.

2 yr.
2 yr.

Effect
{Note 2)

(o]

XX

Reference

Alfredson 1951
Alfredson 1951
Finnegan 1954
Finnegan 1954
Fitzhugh 19438
Hueper 1944
Shelanski 1949
Shefanski 1949
Nelson 1946
Nelson 19406
Vivino 1946
Warren 1942

Woodard 1945

Petri 1961
Petri 1961

esults at several feeding levels. Generally
h no significant effects were observed. 1f
fed, the lowest of these is given.

Note 2. o = no effects, or very slight; x = noticeable effect, e.g., poor growth rate; xx = some
deaths, significantly more than in control group.

Note 3. Exact chemical structure often unspecified; probably usually derived from kerosene

or tetrapropylene.

Note 4. ABS -+ lauryl sulfate mixture.
Note 5. Detergent formulation containing 20% surfactant.

Note 6. Ammonium and pyridinium.
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TABLE 4

Surfactant Feeding Studies — Fertility and Reproduction

Surfactant

Animal

Generations
Dose {Note 1)

ALKYLBENZENE SULFONATE

tpABS
tpABS
LAS
“alkylaryl”

OTHER ANIONIC
Lauryl EO (3)
sulfate
Lauryl glyceryl
sulfonate

NONIONIC
Stearoyl EO (8)
Stearoyl EO (40)
Fatty acyl

sorbitan EO (20)
Fatty acyl

sorbitan EO (20)
Fatty acyl sucrose

CATIONIC
Quaternary
Quaternary

pyridinium

“VARIOUS DETERGENTS”
G. pig

Rat
Rat
Rat
Rat

Rat

Rat

Rat
Rat
Rat
Rat

Rat

Rat
Rat

100 ppm-water
5000 ppm-food
100 ppm-water
5000 ppm-food

1000 ppm-food

1000 ppm-food

200,000 ppm-food
200,000 ppm-food
20,000 ppm-food

200,000 ppm-food

25 mg/kg/d
20 mg/d

20,000 ppm-~water

N W W w

W

Effect
{Note 1)

© 0 o o

Q

M

Reference

Bornmann 1963
Tusing 1960
Bornmann 1963
Freeman 1945

Tusing 1962

Tusing 1962

Oser 1956
Oser 1956
Krantz 1951
Oser 1956

Colson 1964

Shelansky 1949
Vivino 1946

Petri 1961

Note 1. 3-0: Parents fertile, F; fertile, Fo normal; 2-o0: Parents fertile, Fy normal; M: Frequent

miscarriage.
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TABLE 6

-18-

Note 2. Similar results with dioctyl sulfosuccinate.
-19 -

TABLE 5 Surfactants and Gastro-Intestinal Absorption
Surfactants and Infection .
Surfactant Material (Note 1)
Surfactant Dose Absorbed Result Reference
Infective Agent Animal Surfactant Sugz:s:;ant (ﬁggq) Reference ANjig(I‘IlIbC sult A . Mot
. ylbenzene Sulfonate 00 mg/kg gttion + Opitz 1961
E. T"li G. pig Hostapon 66-100 mg/kg/d =  Borneff 1957 Alkylbenzene Sulfonate 20,000 gpm Anionic dyes +,0 BornmEnn 1962
plus Alkylbenzene Sulfon 20,0 ioni —
Strep. mucosus G. pig Hostapon 325 mg/kg/d +  Borneff 1957 Lauiyl sulfate e 0.000 ppr gllltllcoos: e -+ BOH;(H:ZIEE iggz
Salmonella Mouse Pril-fliissig 0.2 mg/day plus 0 Borneff 1957 Lauryl sulfate 25,000 ppm Glucose + Mosinger 1956
typhi-murium 330 ppm-water Lauryl sulfate Mg++ion + Kozlik 1955
Lauryl sulfate Calcium -+ Webling 1965
Tubercle bacillus  G. pig Hostapon 15 mg/kg/d o Borneff 1959b Lauryl sulfate Iron o Brise 1962
Tubercle bacillus  G. pig Pril-fliissig  0.25 mg/kg/d o Borneff 1959b Lauryl sulfate Vitamin A ester ~ +, — Fuchs 1954
Lauryl sulfate (Note 2) Anionic dye + Lish 1959
Encephalomyelitis ~ Mouse tpABS 12.5-125 mg/kg/d o  Borneff 1962 Lauryl sulfate (Note 2) Cationic dye o Lish 1959
(Theiler-virus) Lauryl sulfate 100 ppm Cationic dyes + Appel 1957
Encephalomyelitis Mouse  Lauryl sulfate 12.5-125 mg/kg/d o  Borneff 1962 Lauryl sulfate Strophanth{n + Eybl 1957
(Theiler-virus) Lzlluryl sulfate 10 mg Strophanthin -+ Krause 1955
Dioctyl sulfosuccinate 250 mg/day Cholesterol — Hueper 1944
Dioctyl sulfosuccinate Iron o Brise 1962
Note 1. o = No significant difference between surfactant fed animals and controls. Various Anionics Glucose — Woodard 1945
*= Increased r_norbidity of surfactant-fed animals, but not necessarily linked to NONIONIC
infection-promotion by surfactant. Dodecyl alcohol EO 500 ppm Digitalis 4 Nakano 1953b
Oleyl alcohol EO Strophanthin, — Nakano 1953a
digitoxin
Alkylphenol EO 250 mg/day Cholesterol -+ Hueper 1944
Octylphenol-CH,O0 EO 600 mg/kg Corn oil — Tidwell 1965
Fatty-acyl 4500 mg/day Fats, Vitamin A+ Jones 1948
sorbitan EO (20)
Fatty-acyl 3000 mg/day  Cholesterol + Kellner 1948
sorbitan EO (20)
Fatty-acyl <500 ppm Strophanthin =+ Nakano 1953a
sorbitan EO (20)
Fatty-acyl >500 ppm Strophanthin - Nakano 1953a
sorbitan EO (20)
Fatty-acyl 10,000 ppm Digitalis + Nakano 1953b
sorbitan EO (20)
Fatty-acyl Iron o Brise 1962
sorbitan EO (20)
Fatty-acyl 50,000 ppm Iron + Mori 1957
sorbitan EO (20)
Fatty-acyl 16,000 mg/d  Penicillin 0 Schwartz 1949
sorbitan EO (20)
Fatty-acyl 75,000 ppm Salicylamide — Yamada 1965
sorbitan EO (20)
CATIONIC
Quaternary ammonium Glucose — Nissim 1960
Note 1. 4 = Increased absorption. o = No effect. — = Decreased absorption.
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