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PREFACE 

This report was prepared as a supplement to our report to the Soap and 

Detergent Association. uHuman Safety and Environmental Aspects of Major Surfactants" 

dated May 31. 1977. hereafter referred to as lithe 1977 Report. 1I The open litera

ture published through mid-1980, as well as unpublished data supplied to us by the 

Association and its member companies on the human safety and environmental aspects 

of seven classes of surfactants have been evaluated and are presented in this 

supplement. We have also incorporated several relevant earlier papers which were 

not included in our initial review. For the purpose of continuity. we have pro

vided highlights of data from our earlier report, presented in italicized. blocked 

modular format. as a preface to each major area of interest. 

The surfactant classes for which data are reviewed include: (l) linear 

alkylbenzenesulfonates (LAS), (2) alkyl sulfates (AS), (3) alcohol ethoxylates (AE), 

(4) alcohol ethoxy sulfates (AES), (5) alkylphenol ethoxylates (APE), (6) alpha 

olefin sulfonates (AOS), and (7) secondary alkane sulfonates (SAS). 

The areas of interest considered include those that were evaluated in our 

earlier report: 

(l)	 environmental distribution and fate. 

(2)	 biodegradation, 

(3)	 environmental effects of surfactants and biodegradation products. and 

(4)	 human safety as judged from studies of animal toxicity and pharmacology 
and from human exposure. 
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I 

I 

The new data presented in this supplemental report on the environmental and 

human health aspects of those seven, commercially important surfactants t re-affirm 

the view that present domestic and commercial use of these 5urfactants poses no 

threat to human health or environmental quality. The primary support for the hu

man safety and environmental acceptability of these 5urfactants comes from the 

very low, residual concentrations of these 5urfactants in United States waterways, 

their facile biodegradation, the margin of safety between environmental levels and 

toxic concentrations for aquatic species, the low order of acute mammalian toxic

ity and the general absence of carcinogenic, mutagenic, teratogenic or other 

chronic toxic effects in mammalian test systems. 
.I 
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LIST OF	 ABBREVIATIONS AND SYMBOLS 

The following abbreviations and symbols have been used throughout the text: 

ASS	 Branched alkylbenzene sulfanates, usually with alkyl groups in the 
detergent range; i.e. above e6 , 

AE	 Alcohol ethoxylates 

AES	 Alcohol ethoxy sulfates 

AI	 Active ingredient 

AM	 Active material 

ADS	 Alpha olefin sulfanates, a-olefin 5ulfonates 

APE Alkyl phenol ethoxYlates 

AS Alkyl sulfates 

AVE Average; used to designate broad-cut-derived alkyl sulfates 

BCF Bioconcentration factor 

BIAS Bismuth iodide active substance 

BOD Biochemical oxygen demand 

br- Branched 

b.w. Body weight 

C Celsius j 
Ca Calcium 

I,CL	 Confidence limits 

em	 Centimeter 

CMe	 Critical micelle concentration 

CO2	 Carbon dioxide 

C03	 Carbonate 

COD	 Chemical oxygen demand 

cone	 Concentration 

GTAS Cobalt thiocyanate active substance 
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LIST OF ABBREVIATIONS AND SYMBOLS (continued) 

DOC Dissolved organic carbon 

ECSD The concentration required 
individuals. 

to produce an effect in 50% of the test 

EEC European Economic Community 

Enz Enzyme 

EO Ethylene oxide 

EPN A phenylphosphonothioate insecticide 

Ex' En Polyethylene glycol or 
EO units per molecule 

ethoxylate nonionic averaging x (or n) 

F Fahrenheit 

F1' F2 Offspring of first, second. etc., filial generation 

FIR Far infrared spectroscopy 

GC Gas chromatography 

GLC Gas-liquid chromatography 

9 Grams 

HC] Hydrochloric acid 

hr hours 

HPLC High-performance (high-pressure) liquid chromatography 

IR Infrared spectrosocopy 

kg Kilogram 

L Liter 

LAB Linear alkylbenzenes 

LAS Linear alkyl benzene sulfanates 

LCSO The concentration required to kill 50% of test individuals 

LD SO The dose required to kill 50% of test individuals 

m3 Cubic meter 

MAC Maximum allowable concentration 
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MBAS Methylene blue active substance 

mg Milligram 

mgd Million gallons per day 

m; n Mi nute 

ml Mill il iter 

roM Mill imole 

mol. wt. Molecular weight 
M.W. 

MS Mass spectrometry 

n- Linear 

N Normal 

Na Sod; urn 

Ammonia, ammonia liberation 

Nuclear magnetic resonance 

nm nanometer (10-9 meters) 

NOEC No observed effect concentration 

Oxygen, oxygen uptakeO2 
OECD Organization for Economic Cooperation and Development 

PC Paper chromatography 

PEG Polyethylene glycol 

pH A measure of hydrogen ion concentration 

POE Polyoxyethylene residue 

ppb Parts per billion (equi,,'ent to "giL) 

ppm Parts per mill ion (equivalent to mg/L) 
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Rf In paper chromatography, the ratio of the movement of a given spot 
to that of solvent boundary. 

SAS Secondary alkane sulfanates 
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LIST OF ABBREVIATIONS AND SYMBOLS (continued) 

SCAS Semi-continuous activated sludge system 

SOA Soap & Detergent Association 

sec- Secondary 

SPC Sulfophenylcarboxylic acids 

STCSD Standing Technical Committee on Synthetic Detergents 

STORET Storage and Retrieval of water quality data. 
-:Protection Agency computerized data base. 

U.S. Environmental 

TAE Tallow alcohol ethoxylates 

tert- Tertiary 

TLC Thin layer chromatography 

TLm The concentration that results in 50% survival over a specified 
time interval 

TM Registered manufacturer's trademark 

TOC Total organic carbon 

TOO Total oxygen demand 

tp- Tetrapropylene 

UV Ultraviolet spectroscopy 

UVF Ultraviolet fluorescence 

II Micron 

llCi Mi crocur; e 

119 Microgram 

llM Micromole 

w/v Weight in volume 

w/w Weight in weight 

o Degrees, as 37° 

DID Percent 

DIDo Salinity in parts per thousand 
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LIST OF ABBREVIATIONS AND SYMBOLS (continued) 

> Greater than 

< Less than 

~ Approximately 

" Male 

~ Female 

The phrase "the 1977 Report" refers to an earlier Arthur D. Little, Inc .• (,report to the Soap and Detergent Association entitled Human Safety and Environ
mental Aspects of Major Surfactants. NTIS Document PB 301 193, Springfield, 
Virginia. 1977. 

\ 

Characterization of the various animal species and subspecies cited in . I 
the Human Safety sections of this report can be found in: Handbook on Geneti
cally Standardized JAX Mice, Earl T. Green. Ed. Bar Harbor Times publishing
Co., Second edition, 1971; or Inbred and Genetically Defined Strains of Labora
tory Animals, Parts I and II, P.L. Altman and D.O. Katz, eds. Federation of 
American Societies for Experimental Biology, Bethesda, Maryland, 1979. 
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LINEAR ALKVLBENZENE SULFONATES 

Synopsis 

As in the mid-1970's, the linear alkylbenzene sulfonates (LAS) still 

represent a substantial portion of today's surfactant market. In 1978 1 ap

proximately 640 million pounds of LAS were produced in the United States, 

Although a number of analytical methods are available for the determina

tion of LAS in water samples and ;n experimental studies, the assay for meth

ylene blue active substances (MBAS) remains the predominant method used. 

Recently, attention has centered on improving the specificity for LAS direct

ly (as opposed to the non-specific MBAS) as well as the sensitivity of various 

analytical methods. 

With respect to environmental water quality. no national, state or local 

regulatory changes have been instituted since 1977, and a concentration of 

0.5 mg MBASjL remains the accepted maximum permissible level for drinking 

water. The United States Environmental Protection Agency reports mean MBAS 

levels for different bodies of water in the U.S. for the last decade that 

are generally well below the 0.5 mgjL value. 

Studies carried out on biodegradation of LAS reconfirm the facile bio

degradability (over 90%) of this class of surfactants in both laboratory and 

field situations. 
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Recent studies confirm that an increase in the carbon chain length 

of LAS is accompanied by an increase in toxicity for both fish and other 

aquatic organisms, reaching a maximum value between Cl6 and C20 and declining 

thereafter. Differences of two orders of magnitude in LC50 values have been 

observed between C10 LAS and C16 LAS. In general, LCSO values for LAS 

range from 0.1 - 10 mg/L for fish. Toxicity to invertebrates appears to occur 

in the same general concentration range. Sublethal effects, such as reduced 

swimming rates, may occur at slightly lower concentrations. Concentrations I 
of 0.6 to 1.7 mg/L were lethal to minnows with chronic exposure, while inver I 
tebrate survival was reduced at 0.4 to 4,4 mg/L, . , 

I 
Toxicity appears to increase with the hardness of both culture and test 

'I 
water. but appears to decrease with the addition of suspended solids. Biode

gradation reduces toxicity of LAS to aquatic organisms by at least two mechan
. .i 

isms: (1) preferential degradation of the 2-phenyl isomer and (2) oxidation 

of the structure, beginning with the alkyl chain, The mode of action of LAS 

has generally been related to its effect on gills. hypothesized to be a result 

of decreased selectivity of the cell membrane. 

i 
Recent data on the mammalian toxicity of LAS corroborate the previously 

observed low order of toxicity of LAS to mammalian species, and add further 

support to the position that no human safety problem exists from normal use 

levels of LAS. There are no indications of carcinogenicity, mutagenicity, 

teratogenicity or other long-term adverse effects resulting from LAS exposure. 

LAS. therefore. remain acceptable with respect to both human health and 

environmental safety for consumer and industrial use. 
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LINEAR ALKYLBENZEN£ SULFONATES 

I. INTRODUCTION 

- , 
I 

The highly degT'adab],e~ environmentally safe 
Zinear alkylbenzene sultonates (LAS) were 
introduced as a prime component of deter
gents in 1965 to replace the mol"e refr'a(~

tory tetrapropylene-derived aZkyZbenzene 
suZtonates (ABS) in use at that time. LAS 
are a complex mi:r:ture of isomers and homo
Zogues whose proportions are dependent on 
starting materials and reaction conditions. 
LAS in commercial use contain linear aZkyZ 
chains ranging from 10 to 14 carbons in 
Zength with phenyl groups placed at various 
internal carbon positions in the alkyl chain. 
LAS represent a substantial portion of the 
total B!£1>factant market; e.g., in our 1977 
Report, we noted a total of 678 miZZion 
pounds of LAS were produced in the United 
States in 1973. 

Due to their versatility, LAS surfactants remain a prime 

component of almost all types of household surfactant products 

(Matson, 1978). 

Total United States production of surface-active agents in 

1978 amounted to 4738 million pounds, 65% of which are in the anionic 

ca tegory. .rota1 LAS product ion ; n 1978 was 640 mi 11 i on pounds (U. S. 

International Trade Commission, .1979). 

8 Arthur DLittle.lnc: 
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II. ENVIRONMENTAL LEVELS 

Although a number of analytical methods are 
available for the determination of LAS in 
water samples and experimental studies~ the 
primary method in use is the assay for meth
ylene blue active substances (MBAS). The 
major limitation of this assay is the in
ability to discriminate between LAS and 
other anionic materials. A gradual decrease 
in MBAS levels was noted in most waterways 
during the change trom tetrapropylene-derived 
ABS to LAS surfaatants and by 1975~ f.!lJAS 
levels in waterways of the United States 
were well below the established standard 
for drinking water (0.5 mg MBAS/LJ. 

A. Analytical Methods 

The analytical methods available for s-tudies 
of LAS and their biodegradation products 
included: physical methods (foaming and sur
face tension); chemical methods (MBAS and 
modifications thereof3 azure A3 ~wo-phase 

titrations3 and solvent extraction with iron 
chelates); and physioochemical methods (thin 
layer and paper ahromatography.. gas chroma
tography after desulfonation3 infrared and 
ultra-violet spectroscopy .. extraction of 
copper complex.. and tracer Zabe Uing 3S8.. 
life.. 3H). 

Recent papers have dealt with various aspects of these methods (described 

in the 1977 Report), particularly with respect to improving the specifity 

and sensitivity of assays for LAS (as opposed to MBAS). 

Arthur D Little Inc10 



By use of a derivative of methylene blue (notably the 3-N, N-dibutylamino 

derivative), Toei and Fujii (1977) developed a modified MBAS technique sensi

tive to lItraces" of ABS, ; .e., in the range of 1 to 5 x 10-7M. Its appli

cation to water samples was not presented. 

In another "trace" method, Silva (1977) developed a Parr bomb-based 

method for reduction of sulfate (derived from LAS, or other substances) to 

hydrogen sulfide, which is reacted with N.N-dimethylphenylene diamine and 

ferric chloride to form methylene blue for spectrophotometric measurement. 

The method is applicable in the range of 2-40 ~gs (per sample), with good pre

cision and a "s1ight negative bias" in accuracy. especially at higher levels. 

Uchiyama (1977) determined LAS spectrophotometrically at 222 nm after 

extraction of methylene blue complexes with l,2-dichloroethane, washing with 

Hel, and re-extraction of the solvent with water. Good separation from other 

surfactants is reported with recoveries of LAS (dodecylbenzene sulfonate) being 

100 ± 5% in the presence of dodecyl sulfonate or di-2-ethyl hexyl sulfosuccin

ate. 

A review and experimental comparison of colorimetric methods for determin

ation of anionic surfactants (includin9 LAS) was published by Wan9 et~. (1978). 

They examined comparisons of the Standard Methylene Blue Method (SMBM), a 

Modified Methylene Blue Method (MMBM) and a Modified Azure A Method (MAAM). 

They ranked them as MMBM > MAAM > 5MBM for both precision and accuracy with 

both distilled water and river water. They also performed an extensive study 

of interference by large numbers of inorganic and or9anic substances such as 

sulfates, sulfonates, phosphates, phenols. etc. 

11 Arthur D Uttle.lnc 



A series of surface water samples have been analyzed by Waters 

(1976), using a modified MBAS method which more specifically determines LAS 

than the earlier methods, but is still not completely specific. The modifi

cation consists of preliminary treatments, involving particularly an extrac

tion after complexing the surfactant with l-methyl-heptylamine. ~'ethylene 

blue is used for the final determination, in which levels of LAS as low as 

5 Ilg/L can be detected. Recoveries from surface and distilled water samples 

range from 78-99+%. In a series of samples from Dutch and British sites, LAS I 
I 

values were found ranging from 3 to 70 Ilg/L and representing only 16 to 33% 

of total MBAS. I 
i 

Gagnon (1979) developed a method for analysis of all anionic surfactants, . .i 
using sodium dodecylsulfate as a standard. It involves complexing the surfac

tant with bis-(ethylene-diamine)-Cu(II) which is extr~cted into chloroform, 

with the copper determined by atomic absorption spectrophotometry. The method 

was demonstrated to be applicable in the range of 0-50 "giL (ppb) with good 

sensitivity, precision, reproducibility and recovery (92-99%) from sea water. 

With environmental samples, some interference is possible from copper and natur

al organic chelators, requiring correction for background response. 

Several papers have appeared on various physicochemical methods of analy

sis, all attempting to improve specificity and sensitivity for LAS. The most 

promising are based on high-performance liquid chromatography (HPLC). 

Hashimoto ~~. (lg76, English abstract only) used HPLC for separation 

of the materials removed from an MBAS complex by cation exchange chromatography. 

Detection of 0.' Ilg LAS was reported, and standard deviation (0.44%) and coef-

Arthur D little Inc 
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--

ficient of variation (3.6%) indicate good precision and accuracy. No large

scale application of the method was reported. 

Further applications of HPLC include the development of a system for sep

aration of sulfophenylcarboxylic acids. Swisher et~. (1978) demonstrated 

the formation of sulfophenylcarboxylic acids (SPC) from LAS and their further 

degradation, particularly in river water. The toxicity of SPC's to various 

aquatic organisms and the mouse was much less than that of the parent 

LAS. 

HPLC analyses for both LAS components and SPC's were developed by Taylor 

and Nickless (1979). using cetyltrimethylammonium (CTMA) in a paired-ion tech

nique. The use of CTMA in 87.5% methanol as the mobile phase increased reso

lution of LAS components enormously (theoretical plate number increasing from 

100 or 200 to 3000). Reduction of methanol content to 75% gave similar resolu

tion of SPC's, whether assembled mixtures of synthetic compounds. or resultin~ 

from biodegradation of LAS in river water. Some biodegradation products may 

not be SPC1s, but most of the 13 products detected were. All of them in river 

water samples showed a rise in concentration, from a at zero-time to a peak 

at 2-5 days, followed by a decline, reaching 0 again at days 3-10. 

The methods developed by Swisher et al. (1978) were further extended in 

laboratory studies of LAS biodegradation in lake microcosms (Eggert et ~. 

1979). The formation and eventual complete disappearance of SPC's were 

reported. 

Arthur DUttle.lnc 
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A gas-liquid chromatographic-mass spectrometric (GLC/MS) method was devel

oped by Hon-Nami and Hanya (1978). Methylene blue is removed from M8AS-com

plexes and the LAS methylated to methyl sulfonate derivatives for analysis. 

Linear response to a mixture of linear dodecylbenzenesulfonates was obtained 

for total amounts between 5 and 25 ~gt and MS fragmentography showed all com

ponents of the mixture, agreeing well with the results of fragmentography of 1, 
I 

the original alkylbenzene mixture. Analyses of river water samples showed 

good reproducibility at concentrations greater than 3 ~g/L. 

An earlier paper by Wang et~. (1975) presents the further development 

of the two-phase titration method for LAS and ABS in waters and commercial I 
I 

detergents. They further report the development of a simplified kit for field 
I 

use. The essence of the method involves formation of a complex between anionic , j 

surfactant and (cationic) cetyl dimethyl benzyl-ammonium chloride, and analysis 

by determination of residual (free) cation by titration in an acidified aque- I 
ous/chloroform mixture. . 1 

I 

One special analytical problem is the determination of LAS in soils, 
, .!
I 

sediments, and sewage sludge, in which much of the surfactant may be so firmly 

bound as to require special techniques for separation. For this purpose, Hel

mann (1979) has published a brief description of a method involving extraction 

of samples with methanolic HCl or methanolic ammonia followed by the "air-

stripping" method of Wickbold (1971), formation of MBAs complexes, silica gel 

chromatography and spectrophotometric (IR) determination. Thi s method is 

still under development and evaluation. 

Holtzclaw and Sposito (1978) present a modified methyl 9reen method for 

14 Arthur 0 Little Inc .1 



the analysis of anionic surfactants in the fulvic acid fraction of sewage 

sludge. The method involves hydrolysis in 4N HC1. separation on an anion 

exchange resin. formation of a methyl-green-surfactant complex. its extrac

tion into benzene, and colorimetric determination of the complex at 610 nm. 

Their results with two fulvic acid fractions indicate an anionic surfactant 

content of 4-6% (water and ash-free basis). The method is reported to be 

non-reactive to partially degraded LAS. 

B. Water Quality Standards 

The maximum pemissible level of sta'fac
tants in drinking water involved in inter
state commerce is 0.5 mg MBAS/L. Several 
states and Canadian provinces also set 0.5 
mg MBAS/L as the maximum permitted level. 
The European Economic Community indirectly 
established a similar standard by prohibit
ing the marketing and use of detergents con
taining surfactants which have an average 
level of biodegradability less than 90% as 
IVBAS. No information was found concerning 
regulatory controls on water quality in 
Japan. 

No national, state or local regulatory changes have been issued with 

respect to permissible levels of surfactants (as MBAS) in drinking water since 

our 1977 Report (Soap and Detergent Association, 198D). 

C. LAS Levels in Natural Water Bodies 

There are czaorently no direct water quality 
critel'ia for LAS or MBAS mandated for any 
bodY of water by the U.S. Environmental 
Protection Agency under the Federal Water 
Pollution Control Act Amendments of 1972 
(P.L. 92-500). A considerable data base of 
MBAS levels for different bodies of water 

Arthur 0 Uttle Inc 
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in the United States indicates ~1BAS levels 
in natul'al watel'S generolly well below the 
0.5 mg/L standal'd fol' drinking watel' in
vo lved in i,n~el'state aommerce. f/hel'e • i 
levels higher than 0.5 rng MBAS/L are found~ 

these wate!'Ways usually receive untreated 
01' inadequately treated sewage. The true 
level of LAS in natural watel' bodies is 
probably considerably l.ess than MBAS levels 
indiaate~ dUB to the nonspecifia nature 
of the MBAS assay. 

1. Monitoring Data 

In the 1977 Repol't~ the STORET water quali
ty data system indicated averoge NBAS aon
centrations at low levels. MBAS aonaen
trations in surfaae watel'S l'anged fl'om 0.06 
to 0.19 mg/L in the state of Minnesota from 
1967 to 1974; fl'om 0.00 to 0.20 mg/L in the 
Mississippi River Delta from 1964 to 1975; 
and from 0.01 to 0.27 mg/L in New YOl'k 
State fl'om 1960 to 1975. No overall trend 
was observed in these intervals fl'om year 
to year. 

In the present analysis of EPA STORET data for 1970 through 1979, MBAS 

concentrations for both ambient surface waters and effluent levels at publicly 

owned sewage treatment works, industrial discharges etc., were examined on a 

national level, by major river basin and by four states and a local area. select

ed randomly as representative of various regions of the country. There was no 

atte~pt to relate the retrieved concentration values to a point source. Instead. 

the discussion is focused on MBAS values relative to the 0.5 mg/L level estab

1ished for drinking water. Results of the retrieval are SUfl1llarized below. It 

is important to reiterate, however, that MBAS values are not synonymous with 

LAS concentrations in the environment, but rather, reflect the presence of 

all anionic materials and/or any of a large number of inorganic and organic 

16 
Arthur Dllttl.. Inc 



substances that interfere with this analytical method. Furthermore, one must 

temper STORET data with the fact that the reported MBAS values are for surface 

waters, not drinking water, and secondly, that STORET consists of raw data 

entries with no mechanisms of quality assurance for such data. 

a. National Level 

Figure 1-1 illustrates the maximum and mean concentrations of MBAS de

tected in surface waters of the United States from 1970 to 1979. No overall 

trend is evident, but rather, year to year fluctuations reflecting such fac

tors as rainfall, dilution, stream flow rate, etc. 

Of the major river basins, less than half had annual mean concentrations 

which exceeded 0.5 mg MBAS/L in the ten year period. The North Atlantic Basin. 

comprised of the Delaware, Susquehanna, Potomac and James Rivers, along with 

the Maryland, Delaware and Virginia coastal areas,_ reported values which were 

hi9her than 0.5 mg MBAS/L for six of these - 1971 through 1975, and 1979. 

The Great Basin, consisting of the Northwestern Lahontan, Central Nevada, Great 

Salt Lake and the Colorado River basin region of California plus the Humboldt, 

Owens, Mojave and Sevier Rivers, followed with values exceeding 0.5 mg MBAS/L 

for five of the ten years. Other major river basins exceeded 0.5 mg/L for no 

more than two years, as shown in Figure 1-2. 

Effluent data from publicly owned sewage treatment works and industrial 

discharge sites are quite limited for the United States as a whole. Only the 

Northeast. North Atlantic and Southeast Basins presented data for 1970-1979. 

Mean MBAS values ranged from 0.5 to 10 mg/L. 

17 Arthur D Little. Inc 



~IETHYLENE BLUE ACTIVE SUBSTArICES 

Maximum and	 Mean Ambient Concentrations 

United States 

1970-1979 

4.0 I
 
I
 

J.J	 j 
o ,
""." ! 

I 

::'.5 

.11. J 

:/. v 

J 

Storet Water Quality Data System.
 
Public Health Drinkin9 Water Standard, 1962.
 

Number of Observations dur;nq 1970-1979 period - 71286
 
Number of Stations - 7671
 

Figure 1.-1 
Arthur DUttle.lnc 

18 



•• 

MAJOR RIVER BASINS l/ITH MEAN CONCENTRATIONS 
i:,'XCEEDING 0.5 mg MBAS/L • 

(AnnuaZ Basis) 

x X X x x 
X X 

-'" 
X X 

X 

X 

X X 

X 

X X X X X X 

;t> 
;:\
::r 

" 
I 
1970 197.1 1972 1·973 1.974 1975 ]976 1977 1978 

X 

1979 
~ 

0 
C YEARS 
~ 

;; 
:J 

Figure 1-2 

" 

Hudson Bay 

Lake Super>ioT' 

Lake HW'on 

Oceania
 

Virgin rsland.t;
 

Puer>to Rico 

Hawaii 

Ii Zaska 

Great &lain 

Califo't'71.ia 

Pacific NOl'thwest 

r{estel'7l. Gulf 

CoZorado River 

Lower> ~ssissippi 

MissoW'i River 

Lake Michigan 

Upper Mississippi 

Lake Erie 

Ohio River 

Tennessee River> 

Southeast 

NOl'th Ii tZantic: 
NOY'theast 



- - - -

b. Other Retrievals 

Four states sel ected randomly from various regions of the country were 

examined for a view of MBAS levels from 1970 to 1979. Generally, each state 

reported mean values below 0.5 mg 

MBAS/L in only one year for three 

summarized below: 

Range of Ambient 
Mean MBAS (mg/L) 

State 1970-1979 

'IMBAS/L. An annual mean exceeded 0.5 mg I 

states during 1970-1979. 

Year Val ue 
Exceeded 
0.5 mg MBAS/L 

California 0.2 3.3 1976 
Illinois 0.5 - 0.7 1972 
Louisiana 0.0 - 0.1 
New York 0.0 1.4 1977 

The results are 

I 

I 
Effl uent 
Mean 

IRanges (mg/L)
 

0.1-2.6
 

- - - - I
 
0.0 - 0.1 

The New York City area was selected as a highly populated region to ex

amine. A polygon was constructed around the metropolitan area to retrieve .I 
station data aggregated annually over the ten-year period. Of the 800 sampling I 

. I 
stations along the New Jersey Coast. Lower Hudson River and Long Island. no 

more than 1 percent had a year I'lith mean MBAS values higher than 0.5 mg MBAS/L J 
during the time period*. At the 173 effluent stations within tne same 

I 
polygon, 1 or 2 observations had been recorded at or below 0.5 mg/L. 

An analysis of 316 randomly selected wells in an area outside the United 

States (metropolitan Tehran, Iran) during 1974-1975 indicated an average MBAS 

concentration within 95% confidence limits of 0.12 to 0.16 mg MBAS/L. The 

range was zero to 1.4 mg MBAS/L. thus exceeding 0.5 mg MBAS/L in some aquifers. 

* The dimensions of the polygon encompassed the western half of Suffolk County. 
which probably biased the results downward. 
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It should be noted, however. that no sewage system exists in Tehran and that 

detergents used in this area are mostly of the ABS type (Imandel et ~., 1978). 

2.	 SulTBTtary 

Water quality monitoring data from the STORET system indicate that: 

1.	 In general. mean 1eve1s of MBAS in surface waters of the Un ited 

States are below the 0.5 m9/L concentration considered acceptable 

for drinking water. In that actual LAS concentrations represent 

only a small fraction of MBAS levels. the actual margin of safety 

is even greater than MBAS values indicate. 

2.	 No overall trend is evident for MBAS levels, but rather a con

tinuing fluctuation from year to year is observed. 

3.	 The North Atlantic and Great Basins reported the most instances 

of exceeding 0.5 mg/L in surface waters over the ten-year period, 

but these findings must be reconciled with rainfall. stream flow 

rate. and other climatic conditions. Furthermore, MBAS values 

retrieved from STORET are for surface \oJaters. not drinking water. 

21 
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III. BIODEGRADATION
 

Biodegradation is defined by Swisher 
(1970) as lithe destruation of ahemi
cal compounds by living organisms. /I 

Biodegradation can be subdivided into 
primary and ultimate biodegradation. 
Primary degradation relates to the 
minirrrwn extent of degradation needed 
to change the identity of a compound. 
Ultimate biodegradation (or J1mineraZ
ization") involves the complete con
version of a compound to aarbon di
oxide~ water and other inorganic com
pounds. Both laboratory investiga
tions and field studies indicate that 
LAS are completely biodegradable 3 i.e' 3 

mineraZizable, and that sugrestions to 
the aontrary are usually the result of 
Borne special test conditions. 

A. Laboratory Investigations 

There has been some development of new methodology in aspects of the 

study of surfactant biodegradation. Papers on fate and metabolism mostly deal 

with actual or simulated activated sludge systems, anaerobic systems, and, in 

a larger way. investigation of the fate of LAS in processes related to tertiary 

treatment of sewage. 

In studying surfactant degradation in a simulated activated sludge unit 

(DECD/EEC). Painter and King (1978) found variations in surfactant reduction. 

largely attributable to the need for sufficient quantities of phosphate in 

the synthetic sewage. Reduction had varied because of differences in phos

phate content in the peptone and meat extract used. Optimum phosphorus con

centration was concluded to be 2-5 mg/L. Deficiency of phosphorus resulted 
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in low removal of both COD and surfactant, and in a dispersed, non-flocculant 

sludge which caused physical operating problems. The applicability of this 

finding to full-scale operating plants was not discussed. 

One new paper on the degradation of LAS by anaerobic organisms has ap

peared (Citernesi et ~., 1976). In the soil/water system investigated LAS 

showed a lower amount of residual adsorbed material on soil after 15 or 30 days 

than other surfactants tested, but there was still nearly 50% as much left (as 

MBAS) as was originally adsorbed. Analysis of the supernatant showed 90-100% 

removal, and the combined removal of adsorbed and supernatant material was 83

84%. The microbial population was considerably modified by 30 days of incuba

tion, but the predominating survivors showed considerable ability to de9rade 

LAS as measured by MBAS. 

The abilities of a number of materials to adsorb LAS have been investi

gated, largely related to the design of (tertiary) removal processes. The 

substances involved are: calcium hydrosulfo-aluminate (Verzunova and Luk'ya

nova, 1974); iron in A12(S04)3 and anionic po1yamines (Okabe and Taga, 1976); 

Ouolites. i.e., phenol-formaldehyde anion exchange resins (Hinrichs and Snoeyink, 

1976; Kim et ~. I 1976), and open-pore polyurethane (Smith and Navratil, 1979). 

In studies somewhat related to the Citernes; study (1976) on anaerobic 

organisms. two groups have investigated the behavior of LAS in soil systems. 

The work of Archer and Yaron (1977) was done with reference to use of sewage 

effluent in agricultural irrigation. They expolored in detail the kinetics of 
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adsorption and release on two kinds of soils. but the apparent losses to soil 

were complicated by an unknown, but probably considerable, degree of biodegra

dation. 

Also somewhat related to agriculture. is the work of Inoue et~. (1978) 

on the mechanisms involved in the reactions of LAS with soil colloids from 19 

different soils. and their relationship to degradation. Soils of different 

types varied greatly in their ability to adsorb LAS. In the presence of two 

of three soils tested with added sewage supernatant. degradation of LAS was 

retarded, whereas the third had little or no effect. The authors term this 

retardation, a "protective" effect. Since their adsorption data show that the 

non-inhibitory soil had a much lower adsorptive capacity than the other two. 

this "protective" effect should probably be attributed to firmer binding and 

less availability of LAS to microorganisms. 

I 
The extent of primary biodegradation of LAS in estuarine waters has recently 

been examined. In both river and estuarine waters. greater than 85% primary bio- I 

degradation (as MBAS) of Cll . 7 LAS was achieved in 11 days or less. Degradation I 
was slower in ocean water, requiring 28 days for 85% reduction in MBAS response 

(Procter and Gamble Company, unpublished data). 

B. Field Studies 

Field studies indiaate LAS mixtures are 
readily biodegradable (over 90%). Although 
aerlain ahemiaal ahara~teristi~s of LAS 
(alkyl ~hain length. phenyl group position) 
influen~e the rate of biodegradation to some 
degree~ there do not appear to be any forms 
of LAS now ~omme~'ally used that are highly 
resistant to biodegradation. 
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In a study of removal of zeolite in an operating package activated 

sludge plant serving 81 homes, Hopping (1978) developed data on removal of 

MBAS (and other components). MBAS removal was 97 and 9B% in baseline and 

test periods. respectively. 

C. Effect of Chemical Structure 

Four variations in chemical st1"U.cture can 
influence the biodegradation of alkylben
zenesulfonates. They are: the position 
of the phenyl group; the length of the 
alkyl chain; the degree of branching and 
the presence of cyclic groups. However3 

all LAS isomers and homologs present in com
mereial su.rfactant formulations have been 
shown to degrade. The benzene ring is de
graded as weU as the alkyl chain. 

D. Metabolic Pathways of Biodegradation 

There are three derrrmatrated points 
of metabolic attack for LAS: the 
alkyl chain~ the sulfonate group on 
the benzene ring~ and the ring it
self. Multiple degradative pathways 
are probably involved3 but in general 3 

the terminal methyl group on the alkyl 
chain ia the first point of attack (w
oxidation) foUowed by cleavage of the 
alkyl chain (S-oxidation)~ desulfona
tion~ and finaUy~ acission of the aro
matic ring and its subsequent degradation. 

Leidner et!l. (1976) have suggested that ring cleavage of Marlon A™ 

(C1ZLAS) does not occur in the DECO screening system. even after extended in

cubation periods. Their studies were conducted at high concentrations of LAS 
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(",13 mg/L). using a soil suspension as the bacterial inoculum. It is quite 

likely that LAS was toxic to soil microorganisms at this concentration, since 

toxic effects are observed between 10 and 20 mg/L in biodegradability screen

ing studies. At concentrations greater than those measured in the environment. 

ultimate degradation of LAS is also less complete than at lower concentrations 
I 

(Larson, 1979). 

I 
Leidner et ~. also report that residual quantities of various sulfo , 

phenyl carboxylic acid intermediates were present in the spent DECO superna , , 

tant. although quantitative estimates were not made. This result may be re

lated to the fact that soil microorganisms were used instead of sewage micro

Iorganisms. and the likelihood that soil systems may not receive the kind of , I 

exposure to LAS necessary to develop an acclimated population of LAS degraders. 

By contrast. the rate and extent of LAS degradation by sewage microorganisms .1 

is comparable irrespective of whether sewage influent. effluent or activated 
. I 

sludge is used (Larson, 1980). 

'I 
In addition to appearing as intermediates in the DECO test. sulfophenyl 

carboxylic acids were found (qualitatively) in various wastewaters and streams. :I 
This suggests that degradation of intermediates is slower than the degradation 

of the parent material. 
I 

I 

Further work on lOOdel substrates (Leidner ~~.• 1980). showed that very 

short chain LAS (C -C ) were not degraded by unadapted soil organisms in the1 4

DECO screening test (mineral salts medium~ containing the substrate as sale 
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carbon source at 8 mg organic carbon per L). On the other hand, the carboxylic 

acid analogs of these LAS chain lengths were readily degraded. The Cl to C4 
LAS were still not degraded in the presence of the carboxylates. 

Similar concerns about the degree of degradability of LAS were expressed 

by Pitter and Fuka (1979) based both on a review of the literature and their 

own experiments using adapted activated sludge. The experiments were conducted 

with extremely high levels of LAS (25-65 mg/L) as sale carbon source in an in

organic salts medium. Analyses for residual COD, DOC and UV absorption showed 

incomplete biodegradation (50-70%), although MBAS values indicated 95+% pri

mary loss of LAS. They conclude that lithe ultimate biodegradability of LAB's 

appears to be at least debatable." As pointed out in an "extension" of this 

subject (Swisher, 1980), this conclusion may be more related to the experimental 

conditions employed by Pitter and Fuka, than to the situation in the real world. 

The mineralizability of LAS has been demonstrated under close to real-life con

ditions. e.g., in semi-continuous activated sludge tests. Further, results 

from environmental sampling show low amounts of the expected intermediates, cor

roborating that LAS degrade in "real-world" conditions. 

A number of papers discussed in the 1977 Report had demonstrated loss of 

the sulfonate group, and ring-opening of intermediates in the biodegradation 

of LAS. Three newer publications have used l4C_ring labelling to demonstrate 

that the ring is oxidized with production of 14C02 " 
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The more detailed publication (Steber, 1979), used two surface water 

models (closed bottle and OECD screening test) and two continuous miniature 

activated sludge systems. The l4C_LAS was comparable in composition to a 

commercial product. In the surface water tests 55-72% of the 14C was converted 

to CO2, depending on time and other conditions. In 19 days, 2.6% of the 14C 

remained as intact LAS, 19% was found in a fraction containing predominantly 

sulfophenylcarboxylic acids, and 7% was low molecular weight hydrophilic mat

erials. In four experiments in simulated activated sludge processes, 14C was 

distributed (after varying periods of time) as: 42-52% CO2; 2.0-3.3% intact 

surfactant; 20% as metabolites, largely sulfophenylcarboxylic acids, and 15%, 

some of which was residual surfactant, in the biomass of the slUdge. 

In a series of experiments, Huddleston and Neilsen (Huddleston and Nielsen, 

1979a,b: Neilsen et a1., 1980) used 14C-ring-labelled LAS (of a commercial com

position) and unlabelled pure C10 ' and C14 LAS. In a semi-continuous acCl2 , 

tivated sludge system (SCAS), the pure materials snowed nearly 100% loss of MBAS 

and the benzene ring (as measured by HPLC and UVF spectrophotometry). The 14C 

experiment is reported to have shown 95% cleavage of the ring with products being: 

CO2, 62%; cell mass, 18%; water-solubles, 20% (including 15% as "ring fragments" 

and 5% as "intact rings"). In a series of die-away tests lasting 45 days, MBAS 

removal was rapid with all three pure LAS, but loss of ring structure (by HPLC/ 

UVF) was slower (and possibly incomplete), especially for the C14 compound. 

However, "100% conversion" to CO2 was reported. In further work, 

the same group has investigated the fate of alkyl and ring carbons using 

14C-labelled substrates (Nielsen et ~., 1980). In this series, residual 

.1 

I
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and biomass liquors from the SCAS system were submitted to a die-away test af

ter supplementation with mineral salts, BOD water and yeast extract. In the 

SCAS units, conversions of both ring and alkyl carbons were similar: 62% to 

CO2; 28-30% to biomassj and 8-10% as soluble residues. In the die-away tests 

with sludge solids (biomass) and supernatant, further conversion of both alkyl 

and ring carbons to CO2 was demonstrated, with a final calculation that 95.9% 

of the original substrate fed to the SCAS units was converted to CO2 and 3.8% 

recovered in biomass. 

The mineralization of the benzene ring in natural waters has been well 

demonstrated by Larson and Payne (1980), using a C12 LAS uniformly labelled 

with 14C in the benzene ring. The concentrations of LAS used, 50 and 500 

~g/L, bracket the range found in water below the plant discharge. Water and 

sediments were collected from above (ASO) and below (BSO) the discharge of a 

trickling filter municipal waste water treatment plant on Rapid Creek, SD. 

Water from below the plant showed a higher degree of LAS-degrading activity, an 

indication of being already acclimated, while water from above the discharge 

showed a lag period and/or a slower rate of degradation. In both waters, the 

addition of the corresponding sediment increased the rate of CO2 production 

significantly. Hal f- 1ives, and asymptotes for %l4CO2 production were: 

Water Alone + sediment 

ASO t~ -14 days 2.7 days 

%CO2 70% 72% 

BSO t~ 1.4 days 0.7 days 

%CO2 73% 80% 
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These results are comparable to those obtained with Ohio River water, in which 

sewage plant effluent was much more highly diluted (Larson; 1980). 

The intrinsic biodegradability of LAS is thus demonstrated, and it would 

appear that the results of Leidner et~. (1976) and Steber (1979) ~. those 

of Huddleston and Nielsen (1979a,b) are best explained by differences in experi

mental technique. especially in the inoculum used in die-away tests. The Ques

tion raised by Leidner's detection of sulfophenylcarboxylic acids in environmen

tal samples may need further examination. Even they, however, are ultimately 

biodegradable given the proper environment and microorganisms (Eggert et ~ .• 

1979) . 

The work of Miura et~. (1979) used oxygen uptake. reduction of MBAS 

and TOC (total organic carbon) to measure biodegradation of various surfact

ants (100 mg/L) in a system containing glucose, peptone and phosphate, and 

inoculated with sewage sludge. LAS was more slowly degraded than some of the 

others (C12aveAS, AOS and various ethoxylates) in a lS-day test. 

The apparent lower biode9radation of 5-phenyldecane sulfonate (as a minor 

component of Marlon A™, a C1o-C13 LAS) was investi9ated by Schober] (1979) 

in the OECD confirmatory system, a simulation of a continuous flow activated 

sludge system. 8y itself, the compound is poorly degraded and is a poor 

stimulator of enzymes and organisms needed for its degradation. However. 

in the presence of Marlon ATM. or after adaptation to Marlon ATM, the com

pound is readily degraded (>90%) if present in sufficiently high concentration. 

I
 
. I
 

.1 

i 
} 
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Other papers. difficult to evaluate without full translation. but 

apparently presenting little of new import, include the work of Itoh et !l. 

(1979), Hrsak and Johanides (1975). Vakushev et~. (1978, abstract only) 

and Ohba et~. (1975, abstract only). 

Finally, two recent papers deal with theoretical modelling aspects of bio

degradation and minera1ization (Larson. 1979, 1980). Data on LAS are limited but 

consistent with previous work. and indicate that the rate of LAS degradation is 

directly proportional to the concentration of LAS at sub-toxic levels. Half-lives 

for LAS mineralization in laboratory systems were comparable to those observed for 

glucose based on measured first order rate constants. Rates of LAS degradation by, 
different sewage inocula were also in good agreement. Removal of LAS as measuredI 
by loss of DOC in SCAS systems was >90% after 24 hours. 

I 
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IV. ENVIRONMENTAL SAFETY 

A. Aquatic Toxicity 

The aquatic toxicity of LAS has been under continuous evaluation since 

their introduction in 1965. The 1977 Report reviewed the aquatic toxicity 

literature available up to that time, including acute and a few chronic 

studies. Recent information on the effects of LAS on aquatic organisms is 

presented below and provides some new insight in the use of toxicity studies 

for establishing environmental quality. 

1. Acute Toxicity 

a. Methodology 

The 1977 Report sumnaI"ized variou.s methow 
used in the acute testing of surfaatants in 
organisms. Prcaedures su.ch as LC so or ECso 
determinations are still used. No new in
formation will be added in this section. 

b. Intact LAS Structure - Activity Relationship 

An increase in the toxicity of LAS to various 
aquatic species has been associated with an 
increase in the length of the carbon chain. 
In addition~ a decrease in toxiai ty was ob
served with chain lengths longer than 16 car
bon units. Toxicity also appears to increase 
as the phenyl group ocaurs closer to the end 
of the alkyl chain. Side products such as 
dialky ltetralines ~ dialky lindai1e8~ and alky l
naphthalenes aprear to be considerably less 
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b. Intact LAS Structure - Activity Relationship (cont'd) 

to:l,;ic than LAS isomers of comparable chain 
length. 

A recent study by Maki (1979c) reported 96 hr L[50 values for [11.8 LAS 

and C13 LAS of 3.94 and 2.19 mgjL for Daphnia magna. No observed effect con

centrations (NOEC) for 21 day exposure to these two materials were 1.18 and 

0.57 mg/L, respectively. 

Holman and Macek (1980) reported 96 hr LC 50 values for fathead minnows of 

12.3,4.1 and 0.86 mg/L for [11.2' [11.7 and [13.3 LAS, respectively. No observed 

effect concentrations for embryos and larvae of this species were 5.1 - 8,4, 

0.48 and 0.11 - 0.25 mgjL. respectively, in life-cycle tests. 

Maki and Bishop (1979) tested several LAS slJrfactants with alkyl chains 

ranging from C10 to C18 . The 48 hr LC50 to Daphnia magna ranged from 29.5 mgjL 

for [10 LAS to 0.11 mg/L for [16 LAS. There was a slight, statistically insig

nificant decrease in toxicity to 0.12mg/L with (18 LAS. 

In summary, recent studies confirm that an increase in the carbon chain 

length of LAS surfactants is accompanied by an increase in toxicity for both 

fish and aquatic invertebrates. reaching a maximum value between ('6 and (20' 

and declining. thereafter. 

I
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c. Acute Toxicity to Fish - Intact LAS 

LCso vaLues for LAS in various species of 
fish :mnge from 0.5 to 10 mg/L. Early 
developmental stages aJ'e more sensitive to 
the acute toxic effects of LAS. Sublethal 
effects such as reduced swimming activity~ 
breathing rates and opercular movements 
occur at slightly Lower concentrations than 
those resulting in mo~taLity. 

Recent data confirm the range of toxicity noted in our 1977 

Report. Lewis and Perry (1979) reported a 96 hr LC50 for blue9ill (Lepomis 

macrochirus) of 1.67 (95% CL: 1.58 - 1.77) m9/L using Cll . B LAS. Brown et~. 

(1978) reported a 96 hr LC50 of 0.36 (95% CL: 0.25 - 0.5) mg/L for juvenile 

rainbow trout (Salmo gairdneri) exposed to C10- 15 LAS in sewage effluent. 

Tsai and McKee (1978) found a 96 hr LC50 of 6.2 mg/L for goldfish (Carassius 

auratus) exposed to LAS. The 48 hr LC SO values for Phoxinus phoxinus were 

6.0 and 6.4 m9/L for two samples of C12LAS (Lundahl and Cabridenc. 1978). 

The fact that there appears to be little variation in the acute toxicity 

of LAS to fish was confirmed by Reiff et~. (1979). These authors tested 

several species of fish under varying conditions and found that the LC SO values 

for LAS ranged from 0.1 - 7.6 mg/L. Thus. regardless of method or species used, 

the results appeared to be consistent within an order of magnitUde. 

Vailati et!L. (1975) found that toxicity varied with exposure time and 

developmental stage, as noted in the 1977 Report. However, these investigators 

found that eggs of rainbow trout were the most resistant, followed by adults, 

and then by fry with partially-absorbed yolk sacs. The mean 24 hr lethal con

centrations for these respective stages were 10.8, 2.2 and 1.0 mg C lAS/L.
12 
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Over a longer exposure time, the eggs Were the least resistant, with a 4-day 

mean lethal concentration of 0.12 mg/L. 

The effect of LAS (Cll .8 and C13 ) on ventilation rate in juvenile blue

gills was investigated by Maki (lg7ga). This author found that the lowest sig I 
nificant effect levels for 24 hr mean ventilation rates were 2.19 mg/L for 

Cll .S LAS and 0.39 m9/L for C13 LAS (as measured concentrations). A two day I 
exposure to 2.0 mg/L Cll .8 LAS resulted in an increase in ventilation rate the I 
first day which then decreased to the vicinity of control levels. Maki sug

gested that bluegill were exhibiting an acclimation response to LAS which is con I 
sistent with the work of Kimerle et~. (l979) demonstrating the facile metabolism 

)of LAS by fathead minnows. , 

Several other sublethal effects have also been reported. Swedmark et ~. I 
(1976) found that the lowest median concentration to affect locomotion in cod :]
(Gadus morrhua) was 0.5 mg/L as compared to the 96 hr LC50 of 1.6 mg/L. Tatsu

kawa and Hikada (1978) estimated a threshold of avoidance in ayu (Plecoslossus I 
a1tivelis) of 0.11 mg/L for formulated LAS and 1.5 mg/L for pure reagent LAS. 

I 

Saboureau and Lesel (1977) tested the effect of sublethal concentrations i 
I 

. j 

of C10- 15 LAS on the swimming endurance of rainbow trout. The 24 hr LCSO for 

this species was reported to be 1.9 mg/L. Swimming endurance was tested at . I, 
concentrations of 0.2-1.9 mg/L LAS. At low concentrations (0.2-0.4 mg/L). the 

decline in endurance time was rapid. This decrease was slower for moderate con

centrations (0.4-1.6 mg/L) and increased again at concentrations of 1.6-1.9 mg/L. 
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The authors suggested that toxicity manifested itself differentially on the 

various muscle groups used in locomotion, depending on concentration. 

In summary, the results presented here confirm the conclusions drawn in 

the 1977 Report. Acute lethality is observed in the range of O.S - 10 mg/L LAS 

with a few exceptions. Sublethal effects are observed in a similar range. The 

finding of effects on swimming activity at concentrations as low as 0.2 mg/L is 

noteworthy. Also of interest is the observation that rainbow trout eggs were 

resistant over short exposure times. In addition, Maki1s (1979a) report of 

acclimation bears some relevance to a consideration of aquatic risk and water 

quality criteria. 

d. Acute Toxicity to Aquatic Organisms Biodegraded LAS 

Biodegradation products of LAS are considerably 
less toxic than intact LAS. Biodegradation 
resulting in 80-90% 2~p~val of MBAS may decrease 
LCSO values by a factor of ten. In addition# 
an examination of presumptive degradation pro
dU:2ts of LAS showed that they have very low 
toxiaities. 

The work by Brown et ~. (1978) is consistent with these conclusions. 

These authors found that the 96 hr LC SO for C10- 1S LAS in detergent-free 

sewage was 0.36 (95% CL: 0.25 - 0.51) mg/L for juvenile rainbow trout. After 

achieving greater than 95% biodegradation (as MBAS) in an activated sludge unit, 

residue and degradation products resulted in a 96 hr LC50 of 29.5 (95% CL: 24.0 

36.3) mg/L. This concentration is expressed in terms of the concentration of 

the surfactant in the influent. 

Dolan and Hendricks (1976) reported similar reduction and eventual elimination 
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of toxicity after treatment of LAS in acclimated sludge. These authors found 

that the LC of intact LAS to bluegills was 0.8S mg/L for a 24-hr exposure. SO 
After the surfactant had degraded 76% (as MBAS), the 24-hr LC SO was estimated 

at 1.4 mg/L. No deaths occurred in 24 hours after 92% biodegradation (as MBAS). 

but one death (of 10) occurred after 96 hours. A similar pattern was observed 

for snails (Gonobasis ~.), but the increment in 24-hr LC values from 4.6 SO 
5.0 mg/L was not as distinctive. The authors suggested that the reduction in I, 
toxicity was associated with a change in homolog-isomer distribution. 

.1 

Schoberl and Kunkel (1977) investigated the toxicity of various fractions 1 
of biodegraded LAS. Using 94-98% degraded C10- 13 LAS (as measured by MBAS), 

the authors separated the residual surfactant from the non-surfactant metabo- I 
lites (mainly sulfophenyl carboxylic acid). The surfactant fraction was tested 

jon goldorfen (Leuciscus idus melanotus) at 10 mg/L and 20 mg/L~ no mortality 

or other observable effects were seen by 48 hr. The non-surfactant metabolites I 
were tested at 100 mg/L and 200 mg/L; no effects were observed at 48 hours. A 

combination of 20 mg/L and 200 mg/L of the respective fractions was also found ] 
to have no effect in this time period. The intact C10-13 LAS had an LC100 of 

4-S m9/L during the 48 hr test. 'I 
) 

. I Oanvila (1977) reported biodegraded LAS to be less toxic to aquatic organ

isms than intact LAS. Furthermore, biodegradation of LAS in seawater, as measured , ( 

by a reduction in toxicity to Artemia salina, was slower than in fresh water 

systems. 

There has also been some further assessment of the toxicity of secondary 

products of LAS. The following LC SO values for Daphnia magna exposed to 
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a1ky1tetra1in sulfonates for 24 hours were recorded by Conoco. Inc. (unpub

lished data): 

Compound Molecular Weight ~O (mg/L) 

ClO tetralin sodium sulfonate 216 420 

230 195Cll
 

244 110
C12 

258 50C13 
272 27C14 

These secondary products are considerably less toxic than the corresponding intact 

LAS. In addition. the longer carbon chain compounds are more toxic. paralleling 

findings for LAS. 

Swisher et !l. (1978) also examined the toxicity of intermediate biode

9radation products of LAS and found them considerably less toxic than LAS. 

In addition, these investigators found the products to be less toxic than 

noted in previous tests cited in the 1977 Report and attributed this result to 

an increased purity of the samples tested. Table l-A summarizes their results. 

The data presented here, as well as the data presented in the 1977 Report 

suggest that there are two mechanisms which affect the toxicity of LAS. First, 

up to 98% reduction of LAS levels (as measured by M8AS) may be observed upon 

treatment in activated sludge, thus reducing LAS levels in effluents signi

ficantly. In addition, any LAS (as measured by MBAS) in the effluent is 

less toxic than intact LAS in the influent. perhaps by a factor of 3-10. This 

reduction in toxicity may be due to a change in the homolog-isomer distribution. 

In addition. intermediate biodegradation products of LAS (e.g .• sulfophenyl car

boxylic acid) are less toxic than i~tact LAS by a factor of lOa or more. 
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e. LAS-Related Acute Toxicity to Aquatic Organisms in Sewage 
I

Effluents 

I 
F/hi le no new information has been found in this area" 
several points should be restated from the 1977 Report: I, 
•	 MBAS degradation in the actual sewage
 

treatment facilities may not reach
 .]
levels observed in the laboratory.
 
Levels of 1-12 MglL MBAS have been
 
reported in effluents from municipal
 
sewage treatment plants.
 I, 

•	 The toxicities of given levels of MBAS 
vary, due to differing degrees of 
secondary product formation. I 

•	 The toxicities of sewage treatment plant
 
effluents are due to many factors, and
 Iin so~ oaSes" concent~tions of MBAS
 
may not be signifioant compared to toxic
 
levels of other pollutants.
 I 

:J 

.1 

OJ 

I 

r 
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TABLE l-A. AQUATIC TOXICITY OF SULFOPHENYL CARBOXYLIC ACIOS 

Concentration Lmg/L) 
LAS 3-sulfophenylbutyr;c 4-sulfophenylvaleric 3-sulfophenylheptanoic sulfophenylundecanoic 

Effect C10-13 ~A~~ disodiurn salt acid. disodium salt acid, disodiunl salt acid.- disodium saltU'-'\,I 

Acute LC50 

Oaphnia (24-hr) 6.9 , 22,000 ~ 22,000 ~ 12,000 2000 

... Fathead minnow 196-hr) 4.6 ~ 28,000 1200 
<.n 

Chronic* 

Oaphnia (4-wk) 

Survival* '0.63 , 2000 , 200 

Reproducti ve * '0.63 , 2000 , 200 

Fathead-e99-fry (30-day) 

Effect** 2 , 1400 , 52 

No-effect** , , 1400 , 52 
;J>---~-~--~---~:":':":_-

~* Minimum concentration at which effect was observed compared to contro15.
 
" o ** fry survival compared to control; egg hatchability and fry growth were less sensitive.
~ Effect on 
c
;;- (Swisher et ~., 1978) 
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f. Acute Toxicity to Invertebrates and Algae 

Acute toxicity values of LAS for inverte
brates range from 3 mglL to more than 100 
mglL. Sublethal effects were reported 
between 0.025 mglL (causing a retardation 
of the development of oyster eggs) and 5 
mglL which inhibited siphon retraation 
in the cockl8. Earlier life stages~ i.e. 
eggs and la:ruae~ were found to be gene
zoally more sWiceptible than adults. 
VaI'ioUB species of algae exhibit mozo
tality with LAS-concentzoationB of 50 
mg/L. 

Maki (1979b) exposed oyster embryos (Crassostrea virginica), juvenile pink 

shrimp (Penaeus duorarum), and blue crabs (Callinectes sapidus) to Cll . 8 LAS in 

static bioassays. The 48-hr ECSO value (causing abnormal development) for 

oyster embryos was 7.4 mg/L. For juvenile shrimp and crabs. the respective 96 

hr LCSO concentrations were 11 and 29.9 mg/L. Sublethal effects were noted for 

the shrimp and included increased locomotor and respiratory activity. 

In an acute bioassay, Renzoni (1974) exposed gametes and larvae of the 

sea squirt (Ciona intestinal is) to C12 LAS. The resultant six hour LC SO value 

was 1 mg/L. 

Maciorowski et~. (1977) found that C13 LAS had no effects on the sphaeroid 

clam (Pisidium casertatum) at concentrations of 0.01 and 0.1 mg/L. Intestinal 

damage occurred at 1 and 10 mg/L with a loss of cilia, cell vacuolization, 

sloughing of column epithelia, and a marked reduction in cell size. 

i
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lewis and Perry (1979) studied the effects of water hardness on the toxic

ity of C1l .8 LAS to Daphnia magna. The 48 hr LC50 values decreased from 5.6 mg/L 

to 2.7 mg/l as water hardness increased from 35 to 340 mg/l as CaC03, 

Although algae are not aquatic fauna, they are discussed at this point 

because of their critical role as the lowest trophic level of the aquatic food 

chain. Dhaliwal et 21. (1977) exposed the blue-9reen alga. Plectonema boryanum, 

and the green alga, Chlamydomonas reinhardi, to Cll . 2 LAS concentrations from 

1 to 30 mg/l in short-term bioassays. The growth rate was reduced at 30 mg/l 

for blue-green algae, and at 20 mg/l for green algae. No morphological changes 

were observed. 

Pybus (1973) used a mixture of C12 LAS and C12 AES in a study with the a19a, 

laminaria saccharina. A concentration of 50 mg/l of the surfactant mixture pre

vented the swimming of algal zoospores after 7 minutes; after 30 minutes exposure 

to 5 mg/l, the zoospores were swimming normally. A concentration of 10 mg/l 

resulted in reduced zoospore settlement and a reduction in growth rate of mature 

algae. 

Surfactants have also been studied for their effects on Gymnodinium Qreve, 

a red tide dinoflagellate, in an effort to control its population. Hitchcock 

and Martin (1977) found that 0.025 m9/L of C LAS resulted in nearly 100% mor13 

tality of ~. breve in 24 hours. 

From the studies surveyed. aquatic invertebrate fauna appear to be sensi

tive to lAS concentrations from .025 mg/l, a sublethal level for barnacle larvae 

and dinoflagellates, to 29.9 mg/l, a 96 hr lC50 for blue crab. In studies in 

which different life stages were exposed to lAS, eggs and larvae were generally 
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more susceptible than adults. One experiment demonstrated that the LC50 of LAS 

for daphnids was halved by increasing the water hardness from 35 to 340 mg/L. 

Concentrations of .025 mg/L Cl3 LAS resulted in nearly 100% mortality in a red 

tide algae, however, most other types of algae exhibit sensitivity to LAS in 

the 10 to 50 mg/L range. 

2. Chronic Toxicity 

Experiments on ~hroni~ toxicity to aquatic life 
are uncommon.. primari ly because they require 
extended exposure periods in order to assess 
the effe~ts of tow ~oncentrations of toxiaants. 
The 1977 Report cited a five-week test on fat
head minnows which found that fry (especially 
7-14 days old) were far more sensitive to LAS 
than adults. Death oCauI'red at 0.63 mg/L LAS 
in the fry .. although con~entrations of up to 
2.7 mg/L did not affect growth, egg production, 
or hatchability during the test period. A six
week study with the scud (Gammarw3 laeJUstris) cmd 
two spe~ies of snails (Physa t-ntegm. CompeLona 
decisum) found that sUl"'Vival was reduced at 0.4" 
1.9 - 4.4.. and 4.4 mg/L.. respectively. Su:t'vival 
in the F1 cmd F2 generations 0 f s~l«i ws reduced 
at levels of 0.2 mg/L LAS. 

A recent study by EG&G (lg78) used fathead minnow eggs and fry in 15 day 

exposures to LAS. The results showed that hatchability of eggs and percentage 

survival, mean total length, and mean wet weight of fry were not affected at 

concentrations up to 0.63 mg/L LAS. 

A NOEC value of 0.9 m9/L Cll .8 LAS was calculated for fathead minnows by 

Maki (l979c) in a one-year toxicity test. For larval minnows, however, survival 

was impa i red at 0.74 mg/L. In Daphni a magna exposed to ei ther ell. B LAS or Cl3 
LAS for 21 days, the 96 hr and 21-day LC50 values were 3.94 and 1.67 mg/L, 

respectively, for (11.8 LAS; and 2.19 and 1.17 mg/L, respectively, for C13 LAS. 

I
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Holman and Macek (1980) conducted life-cycle and embryo-larval toxicity 

tests with fathead minnows. The respective 96 hr LC50 values derived for Cll . 2, 

Cll . 7 and C13 . 3 LAS were 12.3, 4.1 and 0.86 mg/L. NOEC (from life-cycle or 

embryo-larval tests) decreased similarly with chain length to 5.1 - 8.4 mg/L, 

0,48 mg/L and 0.11 - 0.25 mg/L. respectively. Again, the embryonic and larval 

stages were the most sensitive to LAS. In the life cycle test, however. no 

effects were observed at 1.09 mg/L LAS of mixed chain length. 

Thus far. fathead minnows have been the most frequently used test organisms 

in chronic toxicity tests with LAS. Concentrations of 0.63 to 1.67 mg/L were 

lethal to minnows in long-term experiments, while invertebrate survival was re

duced at 0.4 to 4.4 mg/L. The NOEC value for fathead minnows was 0.9 mg/L~ in 

embryo-larval life cycle tests, the NOEC ranged from 0.11 to 8.4 mg/L, depending 

on chain length. 

3. Effects of Environmental Conditions on Toxicity 

The toxicity of LAS surfaatants varies with environ
mental conditions. Increasing temperature appears 
to inarea.se toxiaity~ as does decreasing dissolved 
oxygen. Aquatia organisms may also be more sensi
tive to LAS in hard water than in soft. 

Recent work has examined the effect of hardness. Lewis and Perry (1979) 

showed that the 48 hr LC50 to Daphnia decreased from 5.6 to 2.7 mg/L as hard

ness increased from 35 to 340 mg/L CaC03. Holman and Macek (l980), however, 

found water hardness was not a particularly significant factor in determining 

chronic toxicity to fathead minnows. In looking more closely at this effect, 

Maki and Bishop (1979) found that toxicity to Daphnia magna was related to the 

hardness of the culture water as well as the test water. In hard test water 
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(350 mg/L as CaC03), toxicity was independent of culture conditions; 48 hr LC50 
values ranged from 3.2 to 4.0 mg/L. In soft test water (25 mg/L as CaC03), 

toxicity was related to the hardness of culture water as follows: 
I 

I 
Culture Water Hardness 48 hr LC50
 

(mg/L CaC03) (mg/L)
 I 
soft 50 7. 1 

Imoderately hard 125 4.2
 

hard 225 2.0
 1 
very hard 350 1.8 

This finding may explain previous reports whi ch sometimes showed contrary results. 1 

·I 
Maki and Bishop (1979) also studied the effects of suspended solids on the 

toxicity of LAS to Daphnia magna. They found that the addition of 50 mg/l sus I 
pended solids (as kaolin) reduced toxicity for C14 and C18 LAS, but had no effect 

on ell LAS. The 48 hr LCSO for C14 LAS in Daphnia magna was increased from 1.0 I 
to 1.4 mg/L with kaolin. · I 

· I 
The effects of previous exposure to LAS on toxicity was studied by Maki and 

Bishop (1979). Daphnia magna were exposed to 0.4 mg/L Cll .8 LAS for up to seven 

generations. The 48 hr LC50 value for ~. magna was 2.6 (95% CL: 1.8 - 3.3) mg/L I 
· . J 

for cultures acclimated for seven generations. and 3.0 (95% CL: 2.0 - 3.8) mg/L 

for unacclimated cultures. 

In summary. increasing hardness of the test water has been correlated with 

increasing LAS toxicity. However. the hardness of the culture water may also 

affect toxicity test results. The addition of suspended solids appeared to 

decrease LAS toxicity to Daphnia, while acclimation appeared to have no effect 
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on toxicity to daphnids previously exposed to LAS. 

4. Bioaccumulation 

The limited information available on uptake and
 
bioaccumulation of LAS by aquatic organisms was
 
SU'7marized in the 1977 Report and was primarily
 
concerned wi th residues in aquatic organisms.
 
Levels of 0.01 to 2.0 mg/kg MBAS were reported.
 
A single study examined the metabolism and clear

ance of LAS and found that 5% of the residue in
 
the gall bladder was LAS. Clearance of ll+c_
 
activity occzaored within J days after removal to
 
clean water.
 

Kikuchi et~. (1978) recently examined the uptake of radiolabelled C12 
LAS in carp exposed to 1.1 mg/L. They found that LAS was rapidly taken up 

through the gills and body surface, distributed via blood to various tissues 

and organs, transported to the hepatopancreas, and subsequently carried to 

the alimentary canal with the bile. Bioconcentration factors (BCF) of 40,1.7 

and 0.5 were observed in the gills, hepatopancreas and gall bladder, respec

tively, at 2 hours. After 24 hours, the BCF decreased to 13 in the gills and 

increased to 9.7 in the hepatopancreas and 1000 in the ga 11 bladder. 

Bishop and Maki (1978) looked at bioconcentration using two different 

methods. They found a range of BCF (whole body) of 120-260 for bluegill exposed 

to 0.063-0.64 mg/L LAS. The uptake rate constant at the lower exposure was 

twice as great as that at the higher LAS concentration. The authors suggested 

that a sublethal effect may influence the uptake rate at higher concentrations. 

Over 99% of accumulated material was eliminated by 336 hours, and a clearance 

half-time of 30 hours was estimated. 
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In a related study, whole body BCF (based on total 14C-residue) for
 
14
bluegill exposed for 16B hours to C-labelled-C'2LAS (0.062 mg/L) were B603, 

610. 124 and 60 for gallbladder, viscera, carcass and muscle, respectively. BCF 

values were not significantly different for bluegill ranging in size from 0.5 

to 5.0 g wet weight (Procter and Gamble Company, unpublished data). 

I 

Kimerle et~. (1979) reported similar results in bluegill to those reported 
, 

by Bishop and Maki (197B) and Kikuchi et -".L. (197B). 

:1 
Comotto et -".L. (1979) studied the uptake and depuration of LAS by Daphnia 

magna and fathead minnow using 14C-labelled LAS surfactants (C12 LAS, C13 LAS I 
and 1i ght and heavy blend C'4 LAS). In Daphni a. 5 teady-s tate was reached in 

,I 1 day; in fatheads, three days were needed. In both cases, bioconcentration 

was dependent on chain length and exposure concentration; shorter chain , 

lengths were accumulated less. The bioconcentration factors in Daphnia 

r~nged from 500-4000. In fathead, the dry weight bioconcentration factors 
\ 

were as follows: muscle, 79-372; whole fish, 269-1223; gall bladder, 21,000
I 

70,000. Clearance was rapid in both species upon removal to clean water. I 

These authors also determined the chemical species composition of the accumu :J
1ated radioactivity. Much of that in Daphnia was in the form of intact LAS. 

However, in fish, the following percentages of intact LAS were found: gills, ,I 
25-75%; carcass, 50-70%; viscera, 15-35%; and gall bladder 2-3%. Thus, it is 

apparent that fatheads metabolized LAS. while daphnids did not. I 
I

These results suggest that LAS are rapidly taken up by fish and concen

trated in tissues and organs. Clearance is also rapid. with a half-life of 

2-3 days. It should be pointed out that all of these experiments were conducted 
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using radiolabelled LAS. Thus, the reported accumulation factors assume that 

the detected radioactivity was associated with intact-LAS. However, one study 

showed that LAS are at least partially metabolized by fish and the eliminated 

products may well include some secondary products. 

5. Interactions with Other Chemicals 

LAS hcrve been studied for th€ir effects in combina
tion with some other chemicalB~ especially metals 
and pesticides. Additive effects have been ob
served with 2inc~ and synergistic effects with cop
per and mercury. In stu.dies with pesticides, "en
hanced" toxicity has been reported with DDT and 
parathion. Synergism was reported in aquatic 
organisms with parathion, methyl parathion~ ron
nel, trithion and trichloronat. No syne1'gism

J 

howeve1', was found with dicapthon, guthion, EPN 
01' dieldrin. LAS have also been shown to increase 
the toxicity of pet1'oleum products. 

It is unclear whether any of these studies has shown synergistic effects, 

or merely additive effects due to problems with evaluating data. Recent stu

dies have looked at such interactions somewhat more rigorously. Tsai and 

McKee (1978) investigated the effects on goldfish (Carassius auratus) of 

various chemical interactions that might occur in a stream receiving chlor

inated sewage effluents. They utilized mixtures of choramines, LAS and cop

per as representative of possible interactions and found that equal ratios of 

LAS and chloramines were slightly synergistic at lower concentrations, and 

additive at higher concentrations; LAS concentrations ranged from 1.8 to 6.5 

mg/L. For unequal ratios, the two chemicals were strongly synergistic. When 

LAS were combined with copper, the toxicity was additive at equal concentrations 
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and at a ratio of 2:1 (LAS:copper). However, then the ratio was 1:2, the effects 

were additive at high concentrations and synergistic at low. The ternary mix

tures of chloramine, copper, and LAS in various ratios were all additive at high 

concentrations and synergistic at low concentrations. • 1 

I 

Lewis and Perry (1979) examined the effects of surfactant mixtures on I 
Daphnia magna and bluegill. Using C1l . 8 LAS, Neodol™ 45-7 (n-pri-C14_l5AE7) 

I 
and C12- 14 monomethyl-dihydroxyethy1 ammonium chloride, these authors found · , 

that a ternary mixture and three binary mixtures were less than additive or 
, I 

additive. depending on the statistical method of analysis used. 
• J 

I 
The studies discussed in this section indicate that synergistic effects 

with LAS may be observed, depending on the concentration. with either chlora- I 
mines or copper. No synergistic effects were observed when LAS were mixed with . 1 

,I 
other surfactants. 

8. Effects of LAS on Higher Plants 

·• II 
In the 1977 Report~ three studies were cited on the 
effects of LAS on plants. The growth of pea plants 
in terms of weight and length Was reported to have 
been inhibited by 50% with a 50 mg/L solution of 
LAS. Orchid seedling growth was reduced by 60% in 
110 mg/L LAS~ while 10 mg/L resulted in a fresh 
weight reduction of 30%. Histological damage in 
the seedlings occurred after 48 hol..i.PS of exposure I 
to 1~ 000 mg/L. However~ in five species of hard · .J 
woods~ 5000 mg/L LAS had no effect on transloca
tion or absorption. 

Taniyama and Nomura (1978) reported a significant reduction in paddy rice 

production for plants watered with 50 mg/L LAS solutions. The reduced grain 
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yield was due to a reduced number of grains per panicle (7 g vs 30 g for con

trols) and a significant decrease in the percentage of ripened grains (9.5% 

compared to 77% in controls) in LAS-treated plants. In separate experiments 

with potted rice plants. exposure to 50 mg/L LAS solutions produced no effects 

on plant height. number of tillers (shoots) or dry matter production, but 

was found to markedly inhibit water absorption by the roots. to inhibit pho

tosynthesis and to result in considerable yellowing of the leaf blade. 

Lopez-Zavala et &. (1975) observed no effect on growth in barley plants 

watered with solutions of 10, 25 Dr 40 mg/L - 13 LAS but did note stimulationC10 
of growth in bean and tomato plants watered with 25 and 40 mg/L solutions of 

LAS, respectively. 

Seven-day EC 50 values in duckweed (Lemna minor) were determined by Bishop 

and Perry (l979). The median effect concentration of Cll .8 LAS to reduce frond 

count, dry weight, and root count was 2.7 mg/L. 

An experiment with 18-month-old Norfolk Island pines (Araucaria hetero

phylla) examined the effects of varying LAS concentrations and salinity on 

growth (Dowden et ~., 1978). Aqueous solutions of LAS at concentrations of 

100, 1,000 or 10,000 mg/L reduced growth and produced browning in the shoots 

more than treatment with seawater alone; when LAS was combined with seawater, 

the effects were even more pronounced. 

Limited data suggest that the minimum concentration at which LAS exert 

toxic effects to plants is 3 mg/L. As with other biota, the toxicity of LAS 

to plants depends largely on alkyl chain length, as well as other factors 
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such as frequency of toxicant renewal and certain water characteristics (e.g., 

salinity). Some data also suggest that LAS may stimulate plant growth in 

some cases. 

C. Effects on Birds and Wildlife 

The 1977 Report contained no inform:ztion with · I 
:Mspect to the effects of LAS on birds and 
wildlife. No infoI7T1ation has been found · I 
since that til1J3. 

· I 

I 
D. Mode of Action in Aquatic Species I 

Loss of gill fW1ction is the most commonly ob I 
served sign of LAS-related effects. However 

3 
• J 

it is unknoum whether gill daJrage is the cause 
· I of death or only a contributing factor.	 , 

I 

Several recent studies proposed theories for the mode of action of LAS in 

aquatic species. Tomiyama (1974) observed that addition of extraneous protein 

to the test medium delayed LAS-induced death, suggesting that toxicity under I 

normal test conditions may be due to the formation of an LAS-protein complex 
.Iupon LAS contact with gill protein. 

I 
: ..1 

In more recent work. Tomiyama (1978) postulated an initial formation of 

complexes of surfactants (RS03 or RS04 groups) with protein components in the 

gills. resulting in impairment of gill function and death due to oxygen defi

ciency. This author tested his theory using several different approaches. 

He exposed fish to LAS and then took an erythrocyte count. which is 

inversely correlated with oxygen availability. He found an increased 

erythrocyte count in fish that died upon exposure to LAS. In addition, by 
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using various proteins, he found that previous formation of surfactant com

plexes can prevent formation of a complex with the gills, thus reducing toxic

ity. Complexation appears to be promoted in hard, acidic water. 

Other work in this area has pointed to an effect of LAS on the permeability 

of the cell membrane. Manner and Muehleman (1976) found that the diffusion and 

uptake of tritiated uridine through the chorion in fathead minnow was reduced 

upon exposure to 15 mg/L Cll . 2 LAS. These authors hypothesized that surfactants 

adsorb to the cell membrane, and thus depolarize it and affect transport. 

Jackson and Fromm (1977) also found that treatment with LAS affected per

meability. They exposed isolated gill arches of rainbow trout to 5 - 100 mg/LAS, 

and observed an exponential increase in uptake of tritiated water. They con

cluded that LAS either interacted with the mucous coatin9 of the gill. directly 

affected the epithelium, or both. Since the mucouS serves as a diffusion bar

rier, they suggested that increased uptake of water would occur. This increased 

uptake of water might not be lethal in itself, but these authors proposed that 

it could burden the kidneys. 

While a consensus has not yet been reached as to the mode of action of 

LAS in aquatic species, it seems clear that the gills are affected in some way. 

Whatever the mechanism, the effect appears to be decreased selectivity of the 

ce11 membrane. 
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V. HUMAN SAFETY 

The human safety aspects of linear alkyl
benzene Bulfonates 3 presented in the 1977 
Report3 encompassed all data (published 
and unpublished) available through 1976. 
We indicated at that time that present day 
use of LAS did not represent a hazard to 
human health. Information developed since 
1976 and reported below substantiates 
that assessment. 

A. Animal Studies 

Studies examining the toxiai ty of LAS to 
mammalian species have shown that the acmte 
oral LD so values for rodents range from 650 
to 2000 mg/kg. In rats, long-term feeding 
studies at LAS levels up to 0.5% of the diet 
(which exceed estimated human consW71ption by 
over a thousand-fold) suggest no indications 
of any deZeterious effects. At concentra
tions of 0.5 and 1.0%.. LAS aurfactantB can 
indu~e immediate but reversible ocular ~on
gestion and edema in rabbits. Undiluted LAS 
samples are primary skin irritants in rab
bits~ but at a ~on~entration of 1% LAS~ 

whi~h is above normal domestic use ZeveZs~ 
LAS are non-irritating to laborato~ animals. 

Acute Toxiclli. Ito et tl. (1978) compared the acute oral, subcutaneous 

and intravenous toxicities of the magnesium and sodium salts of C10- LAS in13 
ICR mice and Sprague-Dawley rats (see Table 1-8). Oral LDSO values in rats 

were comparable to values noted in the 1977 Report. No sex differences were 

observed for either species, regardless of route of administration, but both 

formulations were more toxic to rats than mice. Mg-LAS was considerably more 

toxic than Na-LAS by the intravenous route, particularly in rats. In terms of 
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TABLE 1-B. ACUTE TOXICITIES OF Mg-C _ AfiO Na-C _ LAS
lO 13 10 13 

Species 

IeR mice 

Compound 

Mg-LAS 

Route 

Intravenous 

Sex 

d 

, 

11150 (mg/kg) 

98 

151 

Na-LAS d 

, 
207 

298 

Mg-LAS Subcutaneous d 1520 

,
 1550 

Na-LAS d 1250 

, 1400 

Sprague-
Dawl ey rats Mg-LAS Intravenous d 27.2 

,
 35.0 

Na-LAS d 119 

,
 126 

Mg-LAS Subcutaneous d 710 

,
 730 

Na-LAS d 840 

,
 810 

Mg-LAS Oral d 1900 

,
 1840 

Na-LAS d 1460 

,
 1470 

IN MICE AND RATS 

+ 95% C.L. 

(91-106) 

(113-200) 

(129-330) 

(276-320) 

( 1338-1727) 

(1336-1798) 

(1078-1450) 

(1239-1582) 

(22.4-33.4) 

(32.3-38.0) 

(106-134) 

(97-166) 

(602-838) 

( 629-847) 

(712-991) 

(664-988) 

(1597-2261 ) 

( 1559-2171) 

(1207-1767) 

(1256-1720) 

(Ito et ~.• 1978) 
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toxicity. the following rank was observed: intravenous> subcutaneous> oral 

route. 

A single, 3D-minute aerosol exposure of guinea pigs to 1% (w/v) C12 LAS pro

duced no lethality or significant pulmonary lesions. A combination of LAS with 
I 

an aerosolized proteolytic enzyme solution (1 mg/ml Bacillus subtilis protease). 

however, resulted in markedly increased mortality (29% vs 3% for protease alone) I 
and altered pulmonary pathology compared to responses seen with either protease or 

LAS alone. In vitro studies indicated that LAS inhibits serum protease inhib I 
itors and this effect may be responsible for the observed effects in vivo I
(Markham and Wilkie. 1979). 

. ,I 
Acute Irritation-Ocular. No new studies were available, but studies cited 

I 
in the 1977 Report indicated LAS concentrations of 0.5 to 1.0% could induce im- • I 

mediate but reversible ocular congestiDn and edema in rabbits. 
I 

Acute Irritation - Skin. Application of an occluded patch containin9 0.1 I 
ml of a 2% aqueous solution of 97.9% pure C12 LAS to the shaved backs of guinea 

I
pigs for 24 hr resulted in moderate to severe skin irritation; i.e. a skin irri- , I 

tation score of 3 out of a possible 4. A slightly less severe reaction (skin 
Iirritation score = 2.75) was seen with a mixed LAS sample (99.B% pure; C10 - 7%, 

- 36%. - 33.7%. C13 - 23.4%) under the same test conditions (Imokawa,C1l C12 
1979) . 

Skin Sensitization. Guinea pigs injected intradermally with a 1% w/v aque

ous solution of LAS (OOBANE JN™) and topically challenged showed no skin sensi

tization (Shell Research Limited. unpublished data). This finding agrees with 

those previously noted in the 1977 Report for humans. 
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Subacute Toxicity - Oral. Ito and co-workers (1978) orally administered 

either 0, 155, 310 or 620 mg/kg/day Mg-C10_13 LAS or 0, 125, 250 or 500 mg/kg/ 

day Na-C10 LAS to groups of twelve male and twelve female Sprague-Dawley rats_l3 
for one month. Body weight gain and feed efficiency were decreased in all treat

ment groups, but blood and clinical chemistry findings were comparable to those 

of control animals. Liver weights were increased in the 620 mg Mg-LAS/kq group 

as well as the 500 mg Na-LAS/kg group compared to controls. Two females and 

one male in the 620 Mg-LAS/kg group died during treatment. In a second experi

ment (Ito et!l., 1978), groups of 20 male and 20 female Sprague-Dawley rats 

were given 0, 75, 150 or 300 mg Mg-C10_13 LAS/kg/day orally for 6 months. Body 

weight gain was suppressed and slight decreases in serum protein, albumin, and 

calcium were observed, but were within normal physiological ranges. Other bio

chemical and hematological parameters and organ weight values were all comparable 

to controls. 

In another study, Watari et!l. (1977) gave DDY-strain mice 100 ppm LAS 

in their drinking water for 6 months. Mice were killed at 1, 2, 3, 6 or 8 

months after initiation of the study. Even after 1 month t ultrastructural 

studies indicated hypofunctional hepatic cells and treatment-related hepatic 

injury consisting of atrophy of the Golgi apparatus, degranulation of the 

rough-surfaced endoplasmic reticulum t disappearance of the nucleolonema. and 

degeneration of mitochondria. Ultrastructural recovery of hepatic cells was 

noted t however, two-months after cessation of LAS treatment. 

Subacute Toxicity - Oral/Subcutaneous. Simultaneous oral and subcutaneous 

administration of C10 LAS to male and female rhesus monkeys (Macaca mulatta)- 13 
for 28 days resulted in no adverse effects. Groups of three male and three 
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i 

female monkeys were simultaneously. administered 0, 30, 150 or 300 mg/kg C10- 13 
1LAS orally and 0,0.1,0.5 Or 1.0 mg/kg C10- 13 LAS, respectively, by subcutan

eous injection. At the highest treatment level, the monkeys frequently vomited, I, 
usually within 3 hours of administration. An increased frequency of loose or 

liquid feces was noted in animals in the top two treatment levels. No signifi- I 
cant decrease in mean body weight gain was seen, but individual animals in the ,I 
top treatment group did show a slight depression in body weight gain. Fibro-

SiS of the injection site was seen in all groups. the incidence and severity I 
being dose-related. No other treatment-related responses with respect to 

histopathology, hematology. urinalyses or opthalmology were reported (Heywood I 
et ~., 1978). 

:] 
This study adds the monkey to the list of species in which subchronic 

I 

was due to central stimulation of the emetic center rather than local gastro- I 
intestinal irritation. , ] 

, , 

Subacute Toxicity - Subcutaneous. In a related study, Kikuchi (1978) sub j 
jected male and female C57BL/TW strain mice to repeated subcutaneous injections 

of LAS from the day of bi rth. The injection schedule was a fallows: I 
0.02 ml of 1% LAS, days 1-10; I 
0.04 ml of 1% LAS, days 11-20; 

0.02 ml of 10% LAS for 5 injections aver the next 10 days (days 21-30); 

and 0.04 m1 of 10% LAS every ather day for next 30 to 60 days. 
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Treated mice exhibited epilation around the site of injection with derma

titis frequently noted after several injections. Survival, growth and repro

ductive parameters were not affected. Necropsy at 60 days revealed an increase 

in adhesions (60.6% vs Or. in controls) between some organs, particularly between 

spleen and kidney. I~terestingly, Kikuchi noted no adhesions in related experi

ments if injections were initiated on day 11 of life or later. The relative 

weights of kidney and liver were increased, and the spleen in females, but not 

males, was markedly enlarged, especially in mice with dermatitis at the site of 

injection (See Table l-C). Histopathological examination of liver, kidney, 

spleen, adrenal and thyroid revealed no treatment-related changes. 

Subacute Toxicity - Inhalation. Data on the inhalation toxicity of 

LAS were recently reported by Coate et~. (1978). Five male and four 

female cynomolgus monkeys (Macaca fascicularis) were exposed 6 hr daily 

5 days per week for 6 months to an atmosphere containing lOa mg/m3 of a 

synthetic detergent dust containing13%(w/w) C12 LAS. The mass median 

diameter of the dust particles ( 3 ~m) was in the respirable range. Gross 

signs of respiratory distress. pulmonary histopathological effects and 

pulmonary function impairment were noted. Histological alterations con

sisted of chronic bronchiolitis characterized by infiltration of mono-
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I 
1 

] 

I 
TABLE 1-C. RELATIVE ORGAN WEIGHTS OF C57BL/TW MICE INJECTED
 

SUBCUTANEOUSLY WITH LAS FROM DAY 1 TO DAY 60 OF LIFE
 J 

j 
Treatment No. Sex Mean Body Weight Relative Organ Weight 

(g)	 (mg/20g bW) 
j 

Kidney Liver Sp1 een 

LAS 32 M 22.97 315.3 1240 105.9 I 
12 F 17.48 302.4 1240 144.7 

j 
1130 101.8Control 18 M 22.1 278.D 

3 F 17.3 1130 129.3 ] 

(Adapted from Kikuchi, 1978)	 U 
. , 

I 
I 
I . , 
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nuclear macrophages and lymphocytes. The walls of the respiratory bronchioles 

were moderately to markedly fibrosed and there was a diffuse non-suppurative 

alveolitis in the proximal alveoli adjacent to respiratory bronchioles. Basal 

cell hyperplasia and focal squamous metaplasia of the trachea were also noted. 

The proliferative changes were considered to be a result of irritation. Cumu

lative tidal volume for nitrogen washout was significantly increased (1.10 to 

1.27 L) but returned to normal when animals were held without further exposure. 

Dust exposure had no apparent effect on flow resistance, or diffusion capacity. 

Two mortalities were recorded during the study; one animal died during Week 22 

of exposure; another was killed in moribund condition during Week 24. No treat

ment-related effects were noted with respect to hematology, clinical chemistry. 

urinalysis, skin sensitization tests or chest radiographs. The presence of 

builders and additives in the dust formulation, however, obscured the relevance 

of the data with respect to LAS safety. 

An analysis of sera and the lungs of monkeys from the above study suggested 

no clear-cut evidence of antigen-specific IgE or precipitating antibodies in 

sera nor deposits of immunoglobulins, complement or fibrinogen (as detected by 

immunofluorescence) in the lungs of these LAS-exposed monkeys (Cashner et ~., 

198D). 

Subacute TOXicity - Percutaneous. Ito et El. (1978) reported no adverse 

effects other than Slight erythema of the skin and suppressed body weight gain 

in Sprague-Dawley rats treated percutaneously with 5% Mg-C 10_13 LAS in poly

ethylene glycol (0.1 ml/rat/day) for six months. Hematological and biochemical 

parameters. as well as pathological findings were within normal ranges. 
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Subacute Skin Irritation. Slight skin irritation occurred in a cumulative 

open patch test in guinea pigs with 97.9% pure C12 LAS and a mixed LAS sample 

(99.8% pure; C,o - 7%, - 36%, - 33.7%, - 23.4%). Application ofC1l C12 C13 
0.1 m1 of a 2% aqueous solution of either surfactant to the shaved backs of 

the test animals twice daily for a total of nine treatments resulted in skin 

irritation scores of 0.58 and 1.42 of a possible 4 points for the mixed and 

Cn LAS samples, respectively (Imokawa. 1979). 

In another study, three 6-hour applications of a 1% (w/v) aqueous solu

tion of LAS (OOBANE JN™) produced primary skin irritation in rabbits. No 

effect was noted after the first application but by the third treatment, 

moderate to severe erythema and moderate edema were evident and perisisted 

at 7 days. A moderate degree of hyperkeratosis and epidermal acanthosis with 

crusting focally was observed histologically at 7 days (Shell Research Limited. 

unpublished data). 

Carcinogenicity and Co-Carcinogenicity. 

Both oraZ and percutaneous exposure of lab
oratory animals to LAS have been completely 
negative with respect to carcinogenicity. 
In rat8~ LAS was shoz.m to enhance gastric 
tumor induction by nitroquinoline-N-oxide; 
however, it is unclear whether this effect 
is due to enhanced carcinogen absorption 
or Borne other physiological mechanisms. 

No new studies have been found in this area. 
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Mutagenicity. 

A l.imited rlv.!11ber of studies with LAS have 
given no indi~ations of mutagenic a~tivity. 

Masubuchi and co-workers (l976) examined cytogenetic effects of LAS in 

mice and rats. Chromosome studies of bone marrow cells after 9 months dietary 

administration of 0.9% LAS showed no induction of chromosome abnormalities in 

either ICR mice, Wi star or Sprague-Dawley rats. 

In another study, Hope (1977) also reported that the incorporation of 

C'0-15 LAS into the diet of rats at a maximum tolerated dose (1.13% active 

ingredient) for 90 days had no effect on the chromosomes of rat bone marrow 

cells. 

A dominant lethal study conducted with ICR mice fed 0.9% LAS for 9 

months also showed no increase in the mutagenic index (Masubuchi et ~., 1976). 

These data reconfirm previously reported unpublished data. and are import

ant to the assessment of safety of LAS in that they represent the results from 

genetic experiments done in whole animals. 

In vitro studies with both mammalian and bacterial cells exposed to LAS 

have also proved negative. No chromosomal aberrations were noted in rat liver 

cells exposed to n-pri-C12 _13 LAS at concentrations up to 100 ug/m1 (Shell Toxi

cology Laboratory, unpublished data). In another study, Inoue et~. (1980) 

reported no induction of morphological transformation of hamster embryo cells 
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I 

exposed in culture to 0.5,1,5, 10, 20 or 50 "9 C10_14 LAS/ml, but did observe 

cytotoxic effects at the 50 ~g/m' level. I 

, , 

Bacterial assays with Salmonella typhimurium strains TA laO and TA 1535 

(base-pair mutants) and TA 98, TA 1537 and TA 1538 (frameshift mutants) exposed I 
to n-pri-C'2_13 LAS at concentrations up to 2000 ~g/p'ate were negative with and 

'1without added microsomal activation (Shell Toxicology Laboratory, unpublished 

data), Similar findin9s were reported by Swisher (1980) for C10- 13 LAS and the 
1 

disodiurn salts of two carboxylated LAS degradation intermediates, 3-sulfophenyl

butyric acid and sulfophenylundecano;c acid, in tests with the five Salmonella ;I 
tester 'strains at 50 Ilg/plate with or without added microsomal fraction. Nega

tive results were also observed for C'0_14 LAS (200 ~g/plate) in ~. typhimurium :I 
TA 98 and TA 100 (Inoue et ~" 1980), I 

Mutagenicity tests with 2000 "9/plate C12- 13 LAS in Escherichia coli WP2 'j 
and WP2 uvrA, 5 mg/ml C'2_13 LAS for mitotic gene conversion in the yeast Sac

,charomyces cerevisiae JDl and 100 ~g/ml of a commercial LAS formulation in a ] 
"rec" assay with Bacillus subtilis H17 and M45 were all negative (Shell Toxi ',"j... 
col09Y Laboratory, unpublished data; Oda et ~., 1977). 

.I 
Teratogenesis/Reproduction Studies. 

I 
~ere is no evidence that LAS induces birth 
malformations or affects reproduction in 
experimental animals. 

Recent studies also show that the adverse effects of LAS on the fetus 
I 

occur only at levels that are toxic to dams. Three oral studies have been I 
• 
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conducted since the 1977 Report (Tiba et ~., 1976; Shiobara and Imahori, 1976; 

Kuwano et ~., 1977); the alkyl chain lengths of the LAS materials tested in 

these studies were not stated. Tiba et~. (1976) reported that dietary admin

istration of 0.1 or 1.0% LAS to pregnant SO-JCL rats produced no significant 

differences in body weight, food consumption, reproductive and lactation indi

ces or fetal anomalies when compared to controls. 

Shiobara and Imahori (1976) found that daily oral administration of 10, 

100 or 300 mg/kg/day of the sodium salt of LAS to pre9nant mice from day 6 

through 15 of gestation had a retarding effect on the growth of both mothers 

and litters at the two lower dosages and was lethal at the top treatment level. 

No teratogenicity was observed. 

In a third study, Kuwano et~. (1977), noted that oral administration of 

500 ppm LAS on days 6 to 18 of gestation resulted in no teratogenic effects. 

In a separate experiment, LAS exerted no additive or synergistic effect on 

the positive teratogenicity of methylmercury chloride given on day 11 of gesta

tion. 

Several investigators have also evaluated the effects of dermal applica

tion of LAS to pregnant animals in an attempt to disprove reports by the Mikami 

group (presented in the 1977 Report) that skin application of LAS to pregnant 

mice and rats was teratogenic. Again, the alkyl chain lengths of the tested 

materials were not given. 

Nishimura (1976) reported that results of a joint study on the effects of 
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dermal application of LAS to pregnant Wistar rats failed to support earlier 

reports by Mikami (see 1977 Report) of LAS-induced abnormalities in mice and I 
rats dermally treated with LAS durin9 gestation. Four study groups (including 

IMikami) conducted parallel studi.es utilizing identical LAS samples, animal 

strain and the Mikami protocol. Pregnant rats were treated with 0.5 ml of 0, I 
lt 5 or 20% LAS, applied daily on days 0-20 of gestation to the backs of un


restrained rats. All rats were killed on day 21. All four study groups, includ ]
 

ing Mikami, obtained highly analogous results indicating no teratogenic effects.
 

Dams treated with 20% LAS (~600x normal use levels) exhibited reduced feed con :I
 
sumption during the first half of gestation and a primary-type contact derma


.1 
titis atthe site of application; fetuses in this group had reduced body weights 

which may have been secondary to decreased feed consumption in the dams, and I 
one of four study groups noted delayed bone ossification at this exposure level. 

j
No other noteworthy effects were seen in the other treatment groups. Findings 

by Mikami 's group of bleeding under the skin in fetuses were demonstrated to have j 
been	 artificially induced during extraction of the fetuses from the uteri. 

I 
A consensus report, written by participants in the joint study, regarding 

earlier published findings of Mikami that derma7ly applied LAS induced abnor :I 
malities in pregnant mice and rats t summarized their conclusions as follows: .j 

,(1)	 The design of the Mikami experiments and the criteria used 

to assess results were not sufficiently detailed; 

(2)	 Reported data were insufficient; I 
(3)	 Data were interpreted non-systematically or illogically; I
(4)	 No statistical evaluation was done; 

(5)	 Reported abnormalities were most likely artifically 
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produced during extraction of the fetuses from the uteri; and 

(6)	 A joint study group using identical test protocols and LAS 

was unable to reproduce the findings reported by Mikami. 

In another study, Masuda et~. (1974) observed no evidence of terato

genicity even after dermal application of high concentrations of LAS. LAS at 

concentrations of 0.85, 1.7, 2.55 or 3.4% was applied to pregnant ICR-JCL mice 

once daily (0.5 m1/mouse) from day 1 to 13 of gestation. In a separate experi

ment, ddY strain mice were similarly treated with LAS concentrations of 0.017, 

0.17 or 1.7% LAS from day 2 to 14 of gestation. Controls received distilled 

water. No suppression of body weight gain or visceral defects of dams was 

observed in any group tested. A reduced rate of pregnancy was observed in 

the 3.4% group, in which considerable skin irritation at the site of applica

tion was seen; the pregnancy rate for this group was 33% compared to 69% in 

controls. Slight growth suppression of live fetuses was noted in ICR mice at 

the 0.85, 2.55 and 3.4% levels(but not 1.7%). No significant difference in 

fetal anomalies was observed, although an increased frequency of retarded ossi

fication of sternebrae was noted in ICR fetuses at the 2.55 and 3.4% levels 

(25% and 27%, respectively, compared to 11% in controls). No adverse effects 

were reported for ddY-strain fetuses, 

Daly et~. (1980) applied and allowed to remain 0.5 m1 of 0.05,0.1 or 

0.5% LAS to the backs of pregnant Wi star rats daily throughout gestation (cor

responding to 1,2 or 10 mg/kg/day) or 0.5 ml of 1,5 of 20% LAS for only 30 

minutes each day during gestation (corresponding to 20, 100 or 400 mg/kg/day). 

All dams were killed on day 21. No indications of teratogenicity or embryotoxic 

effects were seen. Reduced body weight gain was noted in dams in the 20% LAS 
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group and slight (5% group) to marked (20% group) skin changes observed in dams 

from the two highest treatment groups. These skin changes consisted of erythema, 

skin thickening and fissuring. 

Application of 20% LAS twice a day to the backs of pregnant ICR/Jcl mice 

prior to implantation (days 0 to 3) interrupted cleavage of eggs and retarded 

fetal development. A significantly higher number of embryos were in the ovi

ducts of LAS-treated dams (44.6%) compared to control mice (2.1%) with the ma

jority ;n the morula stage in contrast to the late blastocyst stage of control 

embryos. LAS treatment also resulted in an elevated incidence of deformed 

embryos (21.6%) compared to controls (4.9%), mostly in the one to eight-cell

stage (Nomura et ~., 1980). 

In addition to the oral and percutaneous routes, Masuda and Inoue (1974) 

administered LAS to pregnant mice by subcutaneous injection. Mice were injected 

with 0.4, 2, 10 or 50 mg/kg LAS subcutaneously once daily on days 7 to 13 of 

gestation. No suppression of body weight gain was seen and pregnancies were 

well maintained. Fetal mortality. neonatal growth, pathology and incidence 

of skeletal and soft tissue anomalies in the LAS group were comparable to those 

in control mice. Mice in the 0.4, 2 and 10 mg/kg groups did show a higher inci

dence of fetuses with a 14th rib, but mice in the top treatment level were com

parable to control (39.4, 35.8, 34.7%, and 25.7% for the 0.4, 2, 10 and 50 mg/kg 

groups, respectively, compared to 23.3% in controls). A significant incidence 

of retarded ossification of calcaneous or talus in the 10 mg/kg group and the 

ta 1us in the 2 mg/ kg group was seen, but once aga in. these changes are not 

dose dependent and are not likely due to LAS exposure. 

I
 
I 

I 

I
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Pharmacology - Absorption and Metabolism. Cresswell ~El. (1978) examined 

the disposition of [14 C]_LAS in four adult rhesus monkeys following single and 

repeated oral or subcutaneous administration. A single 30 mgjkg oral dose of 

LAS (mean mol. wt. 349) was rapidly excreted principally in urine during the 

first 24 hours (66.5% in males; 72.1% in females). Mean excretion values at 5 

days were 71% in urine. 23% in feces. Similarly, a single subcutaneous injection 

of ['4C]-LAS resulted in the ex~retion of 64% of the radiolabel in urine and an 

additional 11% in feces within 5 days, with most excretion occurring within the 

first 24 hours. No unchanged LAS was detected in urine samples after oral or sub

cutaneous doses. Five major radioactive components were detected in urine; all 

were apparently more polar than LAS but were not sulfate or glucuronide conjugates. 

Similar peak plasma concentrations of 34, 41 and 36 ~gjml of [l4 C]_LAS were 

noted, all at 4 hours, after single oral doses of 30, 150 or 300 mgjkg, respec

tively. These results could indicate nonlinear absorption processes, or alter

natively, the absorption process may be saturated at the 30 mgjkg level. With 

single subcutaneous doses, peak plasma concentrations increased almost propor

tionately, representing 0.16, 0.72 and 1.13 "g/ml for the 30, 150 and 300 mg/kg 

doses, respectively. No accumulation of plasma radioactivity was seen during 

seven consecutive daily oral (30 mg/kg/day) or subcutaneous (1 mg/kg/day) doses. 

Mean peak plasma concentrations and biological half-lives were similar after the 

first and seventh doses. 

In another study, Drotman (l977) applied a single cutaneous dose of radio

labelled C
12 

LA35S to the skin of rats. rabbits and guinea pigs. The test ma

terial was left in place for 72 hours; the animals were restrained to prevent 

ingestion. Only traces of radioactivity appeared in urine and feces with 
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recovery from the site of application being 78% in the guinea pig, 82% in the 

rabbit and 93% in the rat. 

I 
Pharmacology - Enzyme Activities. Total lipid and free fatty acid content 

of sera, and glucose-6-phosphatase and glucose-6-phosphate dehydrogenase activ- I 

ities of liver were unaffected in male albino rats fasted for 3 days, then fed , I 

a diet supplemented with 0, 250 Dr 2500 mg/kg C LAS for 4 days (Selmeci-Antal I 
12 

and 8alskovits, 1977). 
I 

B. Human Studies .I 

In man J LAS is rapidly and completely excreted .I 
foZZoLJing a single oral dose and does not ef
fectively penetrate skin. Little or no skin 
irritation is observed in patch tests in hu I 
mans LJith concentrations of LAS well above 
normal use levels (1% or less). Thus J LAS 
is considered acceptable with respect to Ihuman health for consumer and industrial use. 

I 
Imokawa et~. (1975a) evaluated the relative intensity of skin rough

ness produced on the surface of the forearm of human volunteers by contact with I 
LAS of varying alkyl chain length (C8 , C C CiS' C ). SkinC10 ' ll , C12 , 13 , C14 , 16 , 

response was characterized mainly by gross visible changes. e12 LAS produced 

more skin roughening than LAS with alkyl chains longer or shorter than 12. I 
Imokawa and co-workers (1975b) also found that the relative degree of skin 

roughening in vivo correlated with the extent of protein denaturation measured 

in vitro. 

No additional information on the human health aspects of LAS surfactants 

was found. 
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ALKYL SULFATES 

(AS) 
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ALKYL SULFATES
 

SYNOPSIS 

Alkyl sulfates (AS) are widely used in specialty products such as shampoos, 

cosmetics, toothpastes., etc., and are also extensively utilized as wool-washing 

agents. 

There are presently no environmental standards of water quality with respect 

to alkyl sulfates. Levels of AS, as such, in streams and waterways are not 

presently being monitored, but MBAS levels would include AS, if present. Bio

degradation studies indicate linear primary AS readily undergo primary biode

gradation within a few days under both laboratory and field conditions. 

Slightly branched and secondary AS are also easily degraded, but at a somewhat 

slower rate. 

AS are toxic to aquatic fauna in concentrations ranging from 0.35 mg/L to 

1000 mg/L. depending on the individual species' sensitivity and the life stage 

of the test organisms. The toxicity of AS increases with increases in alkyl 

chain length and water hardness, and also as the experimental water temperature 

increases from acclimation temperature. Whole-body bioconcentration factors 

are generally low «lax) but alkyl sulfates accumulate to higher levels (5-80x) 

in the gall bladder and hepatopancreas. assuming all is intact AS. Hard water 

is also more conducive to uptake of AS than soft water. The toxic effect of AS 

is observed primarily in the gills, and is thought to result from the formation 

of a complex between the surfactant and the surface-bound proteins. 

Aquatic algae have exhibited toxicosis in AS concentrations from	 10 mg/L 
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I 

I 
to 1000 mg/L, and terrestrial plants are adversely affected by concentrations as 

low as 1 mg/L in applied water. One study indicated that waterfowl may be subject I 

to increased risk of hypothermia in detergent-polluted waters; AS (19 mg/L) was 
I 

found to dissolve the waterproofing oils in feathers of exposed ducks. Bacteria 

and other microorganisms may autolyse when exposed to concentrations of 0.1 mg/L I 
AS; immobilization and growth inhibition have been observed at concentrations 

of 10 to 1000 mg/L AS. .1 

.1 
With respect to human safety. AS can be generally classified as non-toxic. 

They exhibit a low order of acute mammalian toxicity and are rapidly metabolized . , 
and excreted in urine. Daily ingestion of 250 mg/kg AS for two months reduced 

No :]cholesterol-induced aortic atherosclerotic lesions in rabbits. deleterious 

effects were produced in rats fed 1% AS in the diet for one year. There are no I
indications from long-term feeding or skin-painting studies that AS exhibit any 

carcinogenic activity. 
: I 

Ingestion of AS by laboratory animals during gestation produced no terata I 

or deterimental effects on litter parameters except at doses that were severely 
: I toxic to the dams. Percutaneous applications of some concentrated AS samples 

(10-20%) to mice during early gestation were embryotoxic, but skin application 
I 

of these concentrated samples during later stages of pregnancy were neither 

embryotoxic nor teratogenic. A decreased number of implantations was noted fol I 
lowing application of a lower concentration of AS (2%) during early gestation, 

but the number of animals examined was too small to allow definitive conclusions 

to be drawn. 

Although concentrated AS samples are primary skin and eye irritants in 
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laboratory animals, repeated occluded skin exposure to 0.1% AS is non-irritating. 

Similar results are noted in humans. Little or no ocular irritation is observed 

in rabbits at concentrations of 1% AS or less. 

The minimal amounts of AS in detergent formulations taken with their facile 

biodegradation and generally low order of toxicity indicates that the use of 

alkyl sulfates does not pose a significant hazard to human health. 
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I 

INOMENCLATURE AND ABBREVIATIONS 

I 
Throughout this chapter, the designation AS has been used to indicate 

alkyl sulfates. The number of carbon atoms in the alkyl chain is numerically l 
designated via a subscript. Mixtures of various alkyl chain lengths are indi I 

, I 
cated by a numerical range, and, if available, the ratio of each carbon chain 

length is given in parentheses immediately thereafter. Primary (pri-) and 'J, 
secondary (sec-) AS are also indicated. For example: 

I 
Na n-pri-C12 _l4 (80:20) AS - The sodium salt of a linear, primary alkyl 

: I sulfate consisting of 80% C12 and 20% C14 , 

\
, I 

To distinguish between broad-cut sodium lauryl sulfate and the wel1. , 

· Idefined sodium dodecyl sulfate, the abbrev-iation "ave" has been used to 
• I 

designate broad-cut derived material (i.e., C'2ave AS). Sodium dodecyl sulfate 

is designated C'2 AS. I
I 

j I
,

In Section III. the phrase "complete biodegradation" refers to complete 
I ,

primary biodegradation. The complete conversion of a surfactant to carbon di · I 

oxide, water and other inorganic compounds is referred to as ultimate b;odegrad

ation. I
 
I
 
i 
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ALKYL SULFATES 

I. INTRODUCTION 

up to the mid-1360's, anionic alkyl sul
fates. (AS) wel"e predomincrJ1.tZy used as wooZ
washing agents or as active ingredients in 
heavy duty laundry !oI'rmJ.Zations. Hore re
centZy, AS have been utilized in a wide 
variety of specialty products such as sham
poos, cosmetics, etc. The bulk of AS in 
theBe products are linear, primary aZkyl 
SUlfates but Borne linear and branched 
secondary AS are alao utilized. Primar~ 
AS are typically prepared by conventional 
suZfation of the parent alcohol with either 
sulfur trioxide 01" chZoro6ulfonic acid; 
aecondaxy AS al"e more readily pl"eparod by 
reac:ting the pa::t'ent alkene with sulfuric 
acid. 

Wordwide consumption of AS in 1976 amounted to 82,000 metric tons. (Matson, 

1978). This consumption was distributed as follows: 

United States - 36,000 metric tons.
 
Western Europe - 40.DOO metric tons,
 
Japan - 6,ODO metric tons.
 

Although AS are still widely used in specialty products such as shampoos, cos

metics and toothpaste, laundry applications of AS have recently dropped "con

siderably" in the United States, being partially replaced by an alkyl sulfate

alkyl ethoxy sulfate blend (Matson, 1978). 
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II. ENVIRONMENTAL LEVELS 

A. Analytical Methods 

A~kyL. sulfates are one oj several entities 
classified as a~ionia surfaatants and thus 
can De detected with many of the procedures 
utilized in the detection of LAS (see Chap
ter 1). The UBAS analytical procedure 
measures AS along with other anionic SUl'
faatants but does not distinguish among 
them. A simple acid hydrolysis followed by 
a second MBAS analysis~ however3 will dis
tinguish between LAS and AS. 

B. Water Quality Standards 

There are presently no standards in the 
United States 01' Europe specifically re
stricting the concentrations of alkyl 
Bulfates. These anionic sUl'factants are 
included among those measured in the envi
ronment using the MBAS method. The re
strictions applying to MBAS levels were 
discussed in Chapter 1 . 

I 

c. AS in Natural Water Bodies 

AS are not presently being monitored~ as such~ 

in the Uni ted States or Europe. MBAS meas
lI..I'ements in water bodies _include AS surfact
ants as well as other anionics. Levels of 
anionic surfactants detected in natural water 
bodies were discmssed in Chapter 1 . 
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III. BIODEGRADATION 

I 
. ! 

As a claBB~ alkyl sulfates a~ biodegraded 
quite readily. Linear~ primary AS generally I 
undergo complete primary biodegradation with
in a few days and secondary and slightly 
branched AS surfaatants are also biodegraded Iquite. readily. In aont~st highly branched 
AS nright be expected to degrade at a a07!sid
erah ly B lower rate. ]
 

,I
 A. Laboratory Investigations , 

IAS are readi ly biodegradEd in standard BOD 
tests and evolved C02 procedures. Neither 
slight branching nor increments in the 
length of the carbon chain appear to exert .J 
a significant effect on the rate of de
gradation. Die-OlJlay tests and simulated 
treatment processes indicate complete pri I 
mary biodegradation (as UBAS) within 1 to :3 
daY8~ even under anaerobic conditions. 

I 
The work of r'1iura et~. (1979), referred to in Chapter 1, also involved 

. I, 
biodegradation of a lOa mg/L sample of sodium dodecylsulfate. With activated 

sludge inoculum, MBAS disappeared completely in less than 5 days, while removal '] 
of TOe and BOD/TOD (total oxygen demand) approached 10D% between 10 and 15 days. 

, I 
)Similar results were reported by Itoh et~. (1979). The two alkyl sulfates 

tested, C12 AS and a coconut-alcohol-derived AS, were the most readilyave 
biodegraded of all the surfactants tested. 

I 
B. Field Studies 

Two field studies cited in the 1977 Report 
indicated 96 to 98% removal of AS (as MBAS) 
in a trickling filter sewage treatment plant 

Arthur D uttle Inc 
94 



and complete removal of AS (far infrared 
analysis) during passage through two Japanese 
sewage treatment plants. 

No additional field studies have been found. 

C. Metabolic Pathways of Biodegradation 

Linear primcrt'y AS readi ly undergo primary 
biodegradation via sulfatase enzymes which 
hydrolyze the Bulfate ester group to form 
inorganic su lfate and the corresponding 
alcohol which eventually undergoes e-oxi
dation. This rapid breakdown does not 
necessarily apply to secondary or branched 
ASj some, but not all~ branched primcrt'y and 
secondary AS a~ resistant to biodegradation. 

The enzymes responsible for removal of the sulfate group from secondary 

alkyl sulfates (sulfohydro1ases) were studied by Matcham ~~. (1977). They 

found differences in specificity for chain-length and position of the sulfate 

group, among enzymes from two microbial species, Comamonas terri gena and 

Pseudomonas C12B. 

In the U.S.S.R .• Stavskaya et~. (1976, 1979) have identified several 

bacteria capable of degrading C12 AS, with loss of MBAS and hydrolysis to sul

fate and dodecanol. The bacteria involved include Citrobacter freundii, Pseudo

monas aeruginosa, Flavobacterium devorans and Achromobacter guttatus. Aerobac

ter aerogenes, isolated with f. freundii. is apparently able to grow only on the 

products of the latter organism's attack on C12 AS. 
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IV. ENVIRONMENTAL SAFETY 

A. Aquatic Toxicity 

The toxicity of AS to aquatic organisms was reviewed in the 1977 Report. 

Studies conducted since that time, with references to earlier work, are dis

cussed in this section. The methodology used in the present report is described 

in Chapter 1 of 1977 Report. 

1. AS Structure-Activity Relationship 

In the aquatiC! toxiC!ity data supveyed in 
the 1977 Report, there was no evidence of 
a corre~ation between toxicity and aZkyZ 
chain Zength or moZecuZar weight. More
over, no information on the toxicity of 
the biodegradation products of AS was 
found. 

The results of a recent study by Lundahl and Cabridenc (1978) indicate 

a definite trend of increasing toxicity with increasing alkyl chain length. 

In 24 hr toxicity tests with Daphnia magna, EC (immobilization) values SO 
decreased by approximately one half for every additional carbon in the alkyl 

chain. resulting in a range of 8200 to 42 mg/L for C5 to C13 AS. Wri9ht (1976) 

found C AS approximately ten times as toxic to barnacle larvae (Elminius 10 
modestus) as C8 AS. The most pronounced effects of alkyl chain length were 

observed in tests by Kikuchi et~. (1976). in which LC SO values for the Japanese 

killifish (Oryzias latipes) decreased by a factor of ten for every two-carbon 

increase for e12 to C16 AS (see Table 2-A). 
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TABLE 2-A. ACUTE TOXICITY OF ALKYL SULFATES TO FISH
 

LCSO Concen Experimental 
Species Surfactant tration (mg/L) Conditions Reference 

Japanese killifish NaC12 ave AS 70 24 hr., distilled water Kikuchi et al. (1976) 
(Oryzias latipes) NaCl4AS 5.9 

~laCI6AS 0.78 

Japanese killifish NaAS 10 48 hr. Tomiyama (1974)
 
(Oryzias Iatipes)
 

Bluegill sunfish Nacl2AS 4.5 96 hr., 125 m9/ Lhardness 8ishop and Perry (1979) 
(Lepomis macrochirus) pH 7.4, flow-through, nominal 

Rainbow trout NaC 12AS 4.62 24 hr., 350-375 mg/L hardness Fogels and Spra9ue (1977) 
'" 
~ 

(Salmo gairdneri) pH 8.2, flow-through, nominal 

Zebrafi sh NaC12AS 7.79
 
(Brachydanio rerio)
 

Flagfish NaCl2AS 8.10
 
(Jordanella floridae)
 

Phoxinus phoxinus 30.5 24 hr., pH 7.7, flow Lundahl and Cabridenc (1978)C12AS 
through, 13°C 

~1i nnow 1.3Y 96 hr., 60-70 mg/L hardness Verma et a1. (1978)CI2ave AS
(Macrones vittatus) (as CaC03), pH 7.3, static 

1. 53C12ave AS, 
triethanolamine» 

;:l salt 
iT 
~ 

o 
i' ~ 

~ , -.~ ~ '-- '---, ~ ~ ~ 
~ 
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Increased toxicity with increasing alkyl chain length was also observed 

to some extent by Tukmache and co-workers (1977) in their work with yeast pro

toplasts. C12 AS had the highest lytic activity for plasma membranes as compared 

to C8, C10 , C'l' C'2' C'3 and C'4 AS. 

The biodegradation of alkyl sulfates appears to decrease their toxicity 

to aquatic organisms. Fogels and Sprague (1977) exposed three species of fresh

water fish to one-year-old and five-year-old lots of NaC12 AS in flow-through 

toxicity tests. The lO-day LC50 's were found to be 2.4-3.5 times as high for 

the five-year-old AS as for the one·year-old surfactant. The reason for this 

difference is unknown. Even if the variation in toxicity is attributable to 

decomposition products formed during storage. it does not necessarily follow 

that these same decomposition products would be formed in the environment. 

Lundahl and Cabridenc (1976) conducted experiments on Daphnia to determine 

the toxicity of the degradation products of C12 AS. In this instance, the 

toxicity of the surfactant, as measured by irrunobility, increased to a maximum 

at 30 hours of exposure, then rapidly dropped off to almost negligible toxicity. 

The authors cited previous work which indicated "that alkyl sulfates degrade by 

the hydrolysis of the sulfonic ester function followed by the oxidation in acid 

of the formed alcohol." The authors suggested that this hypothesis would explain 

the results of the experiment. since dodecanoic acid (from degraded C12 AS) is 

much more toxic than C12 AS~ but is very short-lived in solution. 

2. Acute Toxicity to Fish 

The Leso values repo:t'ted in the 1977 Repo:t't 
on AS toxicity ranged from 2-1~ 000 m;:;/L. As 
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onZy four species of fish we~>e tested~ it was 
not possibZe to identify species or groups 
which were generaZZy more sensitive. Of I 
these foW" species~ however, the bZuegiZl 
(Lepomis macrochirus) had the Zowest LCso 
(2.13 mg/L) in a toxicity test with branch i 
ed NH4C1S AS. 

I 
More recent data on freshwater fish toxicity are summarized in Table 2-A; 

most of the toxicity tests were conducted with the sodium salt of Cl2AS. The l 
range of reported LC50 values for alkyl sulfates, both for the Japanese killi '!

• 0 

fish (Oryzias latipes), was 0.78 to 70 mg/L. The variation was attributed to 
, I 

the difference in alkyl chain length used, with NaC16AS being-apparently much , I 

more toxic than NaC12aveAS. Five other species were also tested for sensiti
1vity to C12AS. for which the range of LCSO values was 4.S to 30.S mg/L. 

I 

Abel (1978) determined mean survival periods (LTSO ) for two fish species J 

at constant concentrations of NaC12ave AS. The LT50 value in these static J 
tests for rainbow trout (Salmo gairdneri) in 42 mg/L was 45 hours; for brown 

trout (Sa1mo trutta) in 18 mg/L, the LTSO was 24.S hours. Kikuchi et ~. (1976) :1 
reported that earlier growth stages in goldfish (Carassius auratus) are the most 

: J sensitive. 

I 
o J 

3. Acute Toxicity tQ Invertebrates 

.1 
The 1977 Report surveyed the Ziterature on 
AS toxicity to aquatic invertebrates~ re
porting LCso vaZues ranging from 2.8 to more I 
than 200 mg/L. The Zowest LCso ~as for 
Daphnia ~ exposed for 48 hoW"s to 
NaC12_14 AS. 24-hoW"-oZd pupae of the mos I, 
quito (CUZex pipiens ~.) exhibited the 
Zeast sensitivity of aZZ invertebrates I 

tested in Na-2-ethyZhexyZ suZfate~ with an I 
LCso of >200 mg/L (time not given). 

oj 
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Most of the recent studies on invertebrate toxicity have been conducted 

with marine organisms (see Table 2-B). LCSO values from these studies range 

from 0.35 to 162 mg/L. In a static test, the 48 hr LC50 for larvae of the 

horse clam (Tresus capax) was 0.35 mg/L NaCl2 AS (Cardwell et ~., 1978). In 

another experiment (Tatem et ~., 1976), the grass shrimp (Palaemonetes pugio) 

was reported to have a maximum 96 hr LCSO of 162 mg/L NaC'2 AS. Tatem et ~. 

(1976) have hypothesized that grass shrimp are less susceptible to C12 AS because 

they are inactive, bottom-dwelling organisms. Since surfactants tend to collect 

at surfaces, fish and smaller crustaceans are likely to be most sensitive to AS. 

i 
Bode et al. (1978) examined the effects of a series of AS with varying 

I alkyl chain lengths (C 10 , C'4' C16) on budding (reproduction) in Hydra 

I 
C12 , 

attenuata. Concentrations of 2 x 10-2mM, 2 x 10-lmMand 2mM were tested at 

20°C. Contrary to most correlations of toxicity and alkyl chain length, toxicity 

was found to decrease with increasing alkyl chain length. C16 AS had no signifi

cant effect at 2mM; C'4 AS exerted no significant effect at 2 x 10-lmM. The 

decrease in toxicity with alkyl chain length was attributed to reduced water 

solubility and resulting loss of surfactant activity at the assay temperature. 

Concentrations of 2 x 10- 1 mM ClO AS andC12 AS produced lethality within 24 hour 

and 10 days, respectively. 

4. Sublethal Toxicity 

No information on the sublethal toxicity 
of AS was available during the review 
conducted for the 1977 Report. 

Recent studies have reported a variety of sublethal effects, including immo-
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Species 

Pacific oyster larvae 
(Crassostrea 9i9as)* 

Pacific oyster larvae 
(Crassostrea 9;9as)* 

Horse clam larvae 
(Tresus capax)* 

Grass snrimp, adults 
(Palaemonetes pugio)* 

~ 

co 
N Daphnia magna 

Scud 
(Gammarus sp.)* 
Sna; , 

(Lymnea sp.) 
Gnat larvae 

(Chaoborus sp.) 

Daphnia magna 

~ *Marine species 
i! 
~ 

o 
--i> 

~ 

TABLE
 2-B ACUTE TOXICITY OF ALKYL
 

LC50 Concen-
Surfactant tration (mg/L) 

NaC 12AS, 100% 0.58-1.16 
(0.91 avg.) 

NaC12AS, 100% 1.0 

NaC12AS, 100% 0.35 

NaC 12AS 52.0-162.0 

NaC 72AS 1.8 

NaC 12AS 14.4 

NaC 12AS 24.4 

NaC 12AS 50 

NaC 12AS 1.8 

.. ,. 
~ ~ 

SULFATES TO INVERTEBRATES 

Experimental 
Conditions 

48 hr., 290/00 salinity 
pH 7.8, static. nominal 

48 hr., 29%0 salinity 
pH 7.8, static, nominal 

96 hr., 15%0 salinity 
20°C, static. nominal 

48 hr., 125 mg/L hard
np.~!;. oH 7.4, f1 DW

through nom; na' 

96 hr. 

48 hr., 125 mg/L hard
ness, pH 7.4, flow

through nominal
 

Reference 

Ca rdwe 11 et £l. (1977) 

. Cardwell et £l. (197B) 

Tatem et £l. (1976) 

Bishop and Perry (1979) 

Bluzat et al. (1976) 

Bishop and Perry (1979) 

~ 
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bilization and abnormal development. The lowest concentration at which sublethal 

effects appeared was 0.1 mgjL C12ave AS. which depressed the olfactory bulbar 

electric response in whitefish (Coregonus clupeaformis) (Hara and Thompson. 1978). 

The authors considered this_ a deleterious effect. because reduced olfactory sensi

tivity could impair feeding and migrating behavior. In a companion experiment, 

whitefish were found to be attracted to NaC12ave AS concentrations of 0.1,0.5, 

and 1.0 mgjL; the fish exhibited neither attraction to nor avoidance of 0.01 

and 10 mgjL concentrations of C12ave AS (Hara and Thompson, 1978). 

Other effects were observed at AS concentrations ranging from 0.4 to 8200 

mgjL, primarily in marine species. The available data are summarized in Table 

2-C. 

5. Subchronic and Chronic Toxicity 

The 1977 Report reviewed the findings of one 
C!hroniC! toxiC!ity study on clam (Mercenaria 
mepcenaria) and oyster (Crassostrea vipgin
ica) larvae. Ferti lized egg deve lopmerzt was 
significantly retCU'ded in both species at 1 
mg/L AS compCU'ed to controls; development 
Was C!ompletely inhibited at 2.5 mg/L. CLam 
mortality was 68% after a 10-day exposure~ 

whi le 0Ys tel' rnoptali ty was 82% aftep 12 
days in 5 mg/L. 

Fogels and Sprague (1977) exposed three species of fish to NaC12 AS in 

long-term tests in an effort to determine threshold LC 50 values. Threshold 

LC50 ' s were judged to have been attained when a 48 hour period elapsed with

out .rrortality. The threshold LCSO·s for zebrafish and flagfish in these 

long-term tests were 7.97 and 6.90 mgjL, respectively. No threshold of 

lethality for rainbow trout was evidenti the reported 10-day LC50 was 
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TABLE 2-C SUBLETHAL EFFECTS OF ALKYL SULFATES ON AQUATIC ORGANISMS
 

Species Surfactant 
Concentration 

(mg/L) Effects 
Experi menta 1 
Conditions Reference 

Whitefi sh 
(Coregonus clupeaformis) NaC12ave.AS 0.1 Depression of 01

factory bulbar elee. 
response 

15 min., 7B.4 
mg/l hardness 
pH 7.5, 10.5°C, 
flow-through 

Ha ra and Thomps 
(197B) 

Japanese ayu 
(Plecoslossus altivelis) 

"formulation AS" 
"pure reagent AS" 

4.0 
B.4 

Est. threshold 
concentration for 
avoidance 

Tatsukawa and 
Hidaka (197B) 

-0.. 
Pacific oyster larvae 

(Crassostrea gigas)* 

Pacific oyster larvae 
(Crassostrea ~igas)* 

NaC 12AS 

NaC 12AS 

0.67-1.04 
(0.B4 avg) 

~ 0.95 

EC sn , abnormal 
development 

EC so • abnormal 
velopment 

shell 

de

4B hr., 29°100 
pH 7.B, static 
nom; na' 

4B hr., 29°100 
salinity 
pH 7.8, static, 
nom; na 1 

Cardwell 
(1977 ) 

Cardwell 
(197B) 

et a1. 

et al. 

Horse clam larvae 
(Tresus capax)* 

NaC 12AS 0.4 

Barnacle naupl;; 
(Elmin;us modestus)* 

C10AS 
CBAS 

1.B x 10-3M 

1. 7 x 10-2M 

EC so • irrnnobil ity 30 min., 15°C Wright (1976) 

?t 
~ 
~ 

o 
c 
~ 
~ 

"F: 

Sea urchin embryos NaC'2 e AS 
(Hemicentrotus pulcher av . 
rimus )*

(Temnopleurus toreumaticus)* 
(Pseudocentrotus depressus)* 

* Marine species 

2B 

20 

Inhib. of micromere 
formation in eggs 

Cleavage inhibited. 
cell shape transfor
mation 

Tanaka (1976) 

~~ ........-~ ~-



TABLE 2-C (continued) 

Concentration Experimental 
Species Surfactant (mg/L) Effects Conditions Reference 

Daphnia magna C5AS S200 EC immobiliza 24 hr., pH 7.7 Lundahl and
50 

, 
13°C, flow-through Cabridenc (197S)

CSAS 4350 tion 
C AS 23009
C10AS SOD
 
C12AS SO
 

42-o C13AS 
~ 

5' 
1r 
~ 

D 
C" 
;; 
~ 

11 



2.85 mg/L. 

The only information available on 

found in Patzner and Adam (1979). In 

chronic toxicity in invertebrates was
 

a 3D-day test with the flatworm (Oug.sia
 

gonocephala) , the authors calculated an LCO (the highest concentration at which 

no lethal effect was observed) of 0.5 mg/LC'2 AS. However, the regenerative 

capacity of worms was reduced at concentrations as low as one half the LCO' 

6. Effects of Environmental Variables on AS Toxicity 

One study reviewed in. the 1977 Report found 
that NaC AS was more toxic to goldfish 
and rain~gs:v~I'ol.lt in hard water (300 mg/L 
CaC03) than in soft water (60 mg/L CaC0 3) or 
distilled water. Toxidty also increased 
with the hardness of the acclimatization 
water. In another toxicity test, goldfish 
were exposed to 4 mg/L NaC 12 AS for two 
monthB 1 and then tested for ~H~ceptibility 
to DDT. Although some increase in the toxi
city of DDT was cbservedl the differences wel'e 
not statistically significant. 

Tatem et~. (l976) found that grass shrimp collected in the spring and 

summer months tolerated relatively high levels of NaCl2 AS compared to winter 

shrimp. For example, two batches of shrimp collected in July and January had 

respective LC SD values of 160 and 77 mgjL. The LCSD values also appeared to 

decrease in relation to holding time in the laboratory. The increase in sensi

tivity during the winter was attributed to decreased food supply. which resulted 

in a reduction in nutritive status. 

In a toxicity test with carp. Kikuchi et~. (1976) observed increasing 
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toxicity of linear AS compounds as water hardness increased. No further inform

ation was given. 

7. Bioaccumulation of AS 

In a study reviewed in the 1977 Report3 

rainbow trout. and goLdfish were exposed 
to 7C mL/L NaC12 AS for 35 minutes and 
112 minutes~ res~~gtiveLy. Concentrations 
in fish tissues ranged from 6.8 ~g/g to 
85.7 ~g/g at the end of these periods. Up
take increased significantLy as water hard
ness inc~ased from 0 to 300 mg/L as CaC03' 

Wakabayashi et~. (1978) exposed carp (Cypr;nus carpio) to a 0.5 mg/L 

solution of 35S-1abe11ed NaC1? AS for 72 hours in a flow-through aquarium. _ave 
Maximum levels of 355 were observed after 24 hours; thereafter, residues in the 

hepatopancreas decreased, while whole body and gall bladder residues were stable. 

The maximum 355 bioconcentration factors observed were 50 for the hepatopancreas, 

700 for the gall bladder, and 4 for the whole body. Upon transfer to fresh 

water, the 355 body burden was reduced by one half in three days. 

Carp were also used by Kikuchi et ~. (1978) in a 24-hour uptake test in 

1.1	 mg/L 35s-Nac12aveAS (water hardness was 25 mg/L as CaC0 3). After two hours, 

the bile bioconcentration factor of 3 was the highest of any measured body part. 

At the end of 24 hours, bioconcentration factors (measured as 355) in the gall 

bladder and hepatopancreas were 5-7x, l-2x in the skin surface and kidney, and 

less than 1x in gills, brain, and muscle tissue. After 48 hours in fresh water, 

the bioconcentration factor in the gall bladder was 80x, while bioconcentration 

factors in other tissues and organs were less than one. 



--

Regenerating cubes of the sea sponge (Geodia cydonium) "weakly accumulated" 

NaC12 AS when placed in solutions of 1 ~g/L to 10 mg/L. The surfactant was 

primarily associated with the protein fractions of cells (Zahn et~., 1977). I 
I, 

Laumond et a1. (1973) reported that the presence of 1 m9/L AS (unspecified) 

has no si9nificant effect on mercury uptake by phytoplankton (Diogenes sp.) or :I 
mussels. 

1 
B. Toxicity of AS to Algae and Microorganisms ] 

The 19?? Report reviewed a report of a maxi
\mum acceptable concentration for five days 

(MAC-5day) of 1 - 10 mg/L AS for the marine 
flagellate (VunalieZZa sp.). MgC 12 AS 
completely inhibited the growth of tMe spe_ ] 
cies of marine phytoplankton (Chlorophyceae) 
at concentrations of 100 and 1;, 000 mg/L. In 
addition, NannochZoris sp. and Stichococcus I sp. were completely inhibited at 10 mg/L 
MgC12ave AS. 

:I 
In addition~ a study was reviewed in the 19?? 
Report on the effects of NaC12 AS on ciliates 
(£yrtolophosis) at concentrations of 0.02  :J 
0.2 mg/L for 4 or 15 minutes. In 0.1 and 0.2 
mg/L, the cell cytoplasm auto lysed, releasing 
the granu lar componen t and nuc lear matrix. 'J
AS surfactants with varying alkyl chain length 
inhibited the growth and motility of the bac
terium, Proteus mirabilis; longer chain com
pounds had. a stronger effect. Growth ir.hi ) 
bition has also been observed in E. coli 
and various soil and water bacterra at AS 
concentrations of 200 to >200;,000 mg/Lj soil 
bacteria were apparently the most sensitive. 

No recent studies on AS toxicity to algae were available for this report. 

Bernheim (1975) exposed a pigmentless strain of the bacterium. Pseudomonas 



I 

-4 -4aerugino,a, to concentrations of 0.5 x 10 Mto 3.0 x 10 MNaC AS. Higher12 
concentrations of AS disrupted both inner and outer membranes which resulted 

in potassium efflux and lysis. At lower concentrations, only the outer mem

brane was affected, as shown by loss of Alcian Blue staining, minor potassium 

efflux, and increased swelling of cells after incubation in liel solution. The 

latter effect was attributed to a loss of cell support normally provided by the 

outer membrane. 

c. Effects of AS on Higher Plants 

A single studY on the effects of AS On plants 
was included in the 1977 Report and showed 
a stimulatory effect. Corn seeds that had 
been watered with O.Ol~ 0.1 or 1 giL C12 
AS weighed 97'Z~ 130% and 136% reBpectiveCf.~~ 
of the controz.~ with 8imi7,CU' increase8 in 
length and dry weight of corn pZants 
reported. 

A reduction in paddy rice production waS seen in plants watered with 50 m~jl 

AS. The reduced grain yield was due to a reduced number of grains per panicle 

(25 g vs 30 g for untreated plants). In separate experiments with potted rice 

plants. AS exposure (50 mgjL watering solutions) produced no effects on plant 

height~ number of tillers (shoots) or dry matter production, but was found to 

markedly inhibit water absorption by the roots. to inhibit photosynthesis and 

to result in considerable yellowing of the leaf blade (Taniyama and Nomura~ 1978). 

Antoniel1i and Lupatte1i (1977) steeped barley seeds (Hordeum vulgare L.) 
-5 -2in NaC12ave AS (100% active) concentrations of 10 Mto 10 Mfor 24 hours, and 

then allowed them to germinate. The lowest concentrations of AS causing sig

nificant growth inhibition (11%, as determined by shoot length) was 10-3M. 
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The aquatic macrophyte, duckweed (Lemna minor), was exposed for 7 days to 
]

C AS in a flow-through toxicity test by Bishop and Perry (J979). The result12 
ant EC SO values for various parameters were reported as follows: frond count: 

I 
43 mg/L; dry weight: 29 mg/L; root length: lB m9/L; and growth rate: 44 mg/L. 

I 
O. Effects of AS on Birds and Wildlife 

:1 
No studies of AS toxici1;y to terrestrial ,I 
biota were found for the 1977 Report. 

,I Choules et~. (197B) placed three ducks in a solution of 19 mg/L C12 AS 

in distilled water at O°C. After 30 minutes, the ducks became wet as a result ,I 
of the dissolution of feather oils. Cloacal temperatures dropped to less than 

30°C after 90 minutes of exposure, while control specimens maintained normal ,I 
(~40°C) temperatures. 

] 
E. Mode of Action j 

The mode of action of AS in fish has been :I 
discussed at length in the )977 Report; 
information on other organisms was not 
available. The usual behavio1'al response ,I to AS toxicosis is increased swimming
 
activity and respiratory rate, often
 
followed by slil'facing~ loss of balance,
 
reduced motility, and death. Progressive ]
 
gill lamellae damage is the most frequently
 
observed pathological effect.
 

I 
The toxici 1;y of AS to aquatic organisms has , i 
been attributed to a varie1;y of factors, 

, j such as a decrease in the slil'faae tension 
of the water, changes in the permeabili1;y 
of certain tissues and interactions between 
the sUI'factant and protein components of 
cell membranes. 
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Tomiyama (1978) has hypothesized that surfactant toxicosis occurs as a 

result of complex formation between the surfactant and proteins on the gill 

surface via electrostatic bonding between sulfate and amino groups. On the 

cellular level. AS has been shown to increase the diameter of nuclei and number 

of nucleoli in interrenal cells of the head kidney in goldfish (Bromage and 

Fuchs, 1976). These changes were purported to indicate increased production 

of corticosteroids; it is not known whether this cellular action is a response 

to AS-induced stress, or a result of the involvement of the interrenal cells 

in other homeostatic mechanisms. 

Abe' (1978) has reported a different mode of action of Nac12 AS on rainbow ave 
trout above and below 120 mg/L. At lower concentrations; AS "appears to act at a 

site in the external membrane of the gill cells. Consequent leakage of metabo

lites renders the cell non-viable and autolysis occurs, i.e. the cell is 

destroyed by the action of its own lytic enzymes." This was termed the slow 

type of toxic action. At concentrations exceeding 120 mg/L. AS appeared to 

act by chemical denaturation of the cell constituents, causing very rapid cell 

death. High concentrations were also more conducive to rapid absorption of 

the surfactant by the fish. The author stated that the two modes of action may 

occur simultaneously at higher concentrations, but since the macroscopic damage 

caused by both modes is the same. this hypothesis is not verifiable. TOXicity 

tests on the brown trout provided no evidence for a dual mode of action in this 

species. 
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V. HUMAN SAFETY 

Data presented in the 1977 Report on the 
hwnan safety aspects of alkyl su.lfates 
indicate that AS as a class are relative
ly non-toxic. Their low order of acute 
mammalian toxicity and the absence of 
chronic effects Bupport the view that 
present day use of AS poses no threat to 
human health. 

A. Animal Studies 

In mammalian species, the acute oral LDso 
values of AS are generally above 1000 mg/kg; 
AS in commercial use have oral LDso values 
between 5000 and 15,000 mg/kg. No deleter
ious effects Were noted in rats fed 1% 
C 2 AS in the diet for one year. Although
AS ggkentrations of 10% or more are prinnry 
eye irritants in rabbits, a concentration of 
1% produces little or no ocuZar irritation. 
Concentrated AS samples are primwy skin 
irritants in rabbits and guinea pigs but 
are non-irritating to laboratory animals 
at a 0.1% concentration. 

Acute Toxicity. No additional information was found on the acute 

toxicity of alkyl sulfates in laboratory animals. 

Acute Irritation - Skin. Occluded, 24-hr exposure of the rabbits 

to 2, 10 or 20% aqueous solutions of the sodium, ammonium or triethanol

amine salts of C12ave AS produced moderate to severe skin irritation. 
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The sodium salt was the most irritating, particularly at the lowest concentra

tion. Primary irritation scores were as follows: 

]
Concentra t i on Sodium Salt Ammonium Salt Triethanolamine Salt 

2% >5 < 5.5 5 < 5.5 3.5 110% 6 5 <6 5
 

20% 6 6 5.2
 
( Ciuchta and Dodd, 1978)
 I
 

I

Skin Sensitization. 

, 

Several studies cited in the 1977 Report 
indiaated that AS Ql'e not sensiti2ing ] 
mateP'ials. I 

I 
Acute Irritation - Ocular. Davies et~. (1976) found that the critical 

. I 

exposure time before corneal damage was produced in the rabbit eye after instil  j 
lation of 0.1 ml of a 10% aqueous solution of C12ave AS was approximately 4 to 10 

seconds. Considerable conjunctival erythema and edema were produced, however, J 
even when the eye was irrigated four seconds after instillation of the surfactant. 

:JConjunctival irritation did subside more quickly, however, in rabbits exposed to 

the surfactant for shorter periods of time; complete conjunctival recovery was I 
noted within four days in eyes irrigated after four seconds, compared to nine 

days for eyes irrigated either after 30 seconds or not at all. 

Instillation of 0.1 ml of 2, 10 or 20% aqueous solutions of the sodium, 

ammonium or triethanolamine salts of C12ave AS into rabbits' eyes produced mild I 
I 

irritation at the 2% level and moderate to severe irritation which persisted at 

7 days at the higher surfactant concentrations (Ciuchta and Dodd, 1978). The 



relative irritancy of the three samples could not be determined since they were 

fairly well grouped together. 

Acute Irritation - Upper Respiratory Tract. In a separate experiment, 

Ciuchta and Dodd (1978) exposed Swiss albino mice, in body plethysmographs (heads 

only). to various concentrations of aerosolized solutions of the sodium. ammonium 

or triethanolamine salts of C12 AS for 2 min. The percent change from the ave 
average control respiratory rate was determined for each concentration at peak 

inhibition. (Stimulation of the upper respiratory tract by irritants produces 

reflex inhibition of the respiratory rate.) A 50% reduction in respiratory rate 

occurred at chamber concentrations (: 95% confidence limits) of 88 (37-259) ~g/L, 

114 (59-214) "giL and 135 (81-224) "giL for the sodium, ammonium and triethanola

mine salts. respectively. 

Acute Irritation- Gastrointestinal. Ciuchta and Dodd (1978) also examined 

the gastrointestinal irritation induced by the above three surfactants in a 

mouse writhing test. Mice were injected intraperitoneally with 0.2 ml of various 

concentrations of aqueous solutions of these surfactants and observed until a 

positive response was elicited or for a period of five minutes. The calculated 

concentrations to produce writhing in 50% of the animals were 0.086%, 0.086% and 

0.1% for the sodium, ammonium and triethanolamine salts of C12ave AS, respectively. 

Subchronic Irritation - Skin. Cumulative, open-patch test, application of 

D.l ml of a 2% aqueous solution of C12 AS (lDD% pure) to the shaved backs of 

_guinea pigs twice daily for a total of nine treatments resulted in moderate to 

severe cumulative skin irritation. A skin irritation score of 3 of a possible 

4 points was recorded (Imokawa, 1979). 
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Subchronic Toxicity - Oral. Administration of 250 mg/kg C12 AS by gavage to 

male New Zealand white rabbits daily for two months was found to slightly inhibit 

the progression of cholesterol-induced atherosclerosis. Serum cholesterol levels 

(3000 rng/100 ml) were elevated, however, in rabbits fed the high cholesterol diet 

plus C12 AS by gavage compared to rabbits on the high cholesterol diet alone 

(2100 mg/lOO ml). All rabbits were fed 100 9 of a standard commercial rabbit 

pellet daily. Group 1 received the pelleted diet alone; Group 2 received the 

diet supplemented with 1% cholesterol and 6% peanut oil by weight; and Group 3 

received the supplemented diet plus Cl2 AS by gavage. At two months, the rabbits 

were killed, aortas removed and serum and tissue cholesterol measured. The per

cent of aortic surface area involved by atherosclerosis was calculated by plani

metry. The extent of cholesterol-induced atherosclerotic lesions in the aorta 

was reduced by C12 AS (32% atherosclerotic lesions compared to 72% in controls 

fed the high cholesterol diet). Cholesterol levels in aortic tissue for these 

two groups were 12.4 mg/g and lSmg/g, respectively. Data for the group given 

the pellets alone were not given (Kwak et ~., 1975). 

The mode of action of AS in the inhibition of the progression of cholesterol

induced atherosclerotic lesions in not clear. Morin et~. (1974) have reported 

that NaC 10 AS, an homolog of C12 AS, inhibits cholesterol esterification by aortic 

microsomes in swine arteries in vitro. These surfactants may. therefore, reduce 

the accumulation of cholesterol esters in aortic tissue in vivo. 

Chronic Toxicity. No new studies were found in this area. Data presented 

in the 1977 Report indicated no deleterious effects were produced in rats fed 1% 

Cl2ave AS in the diet for one year. 
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Carcinogenicity. 

Long-tepm feeding studies in pats and skin
painting experiments in mice give no indica
tion of caPcinogenic activity fop alkyl sul
fates. Addition of 0.25% AS to theC12 
drinking watep of pats was shown to enhance 
gastric tumop induction by nitpo-N-nitPOso
guan~dine; howevep, it is uncleap whether
this effect is due to enhanced caPcinogen 
absorption OP some othep physiological 
mechanisms. 

No new studies have been found in this area. 

Teratogenesis. 

Thepe is no evidence of tepata OP detri
mental effects On littep paPUmeteps asso
ciated with ingestion of up to 300 mg/kg 
AS by labopatopy animals during gestation. 
Reduced littep size and fetal loss wepe 
seen in mice but not ~ts OP pabbits at 
dOses that were severely toxic to the dams. 

Daily application of 0.1 ml of a 20% aqueous solution of AS (alkyl chain 

length not identified) to the dorsothorac;c area of pregnant ICR/Jcl mice on 

days 1 to 10 of gestation was observed to interfere with embryonic development at 

the cleavage 5 tage (Nomura et~. , 1980). Impl anted embryos were found ;n on ly 

1/26 (3.9%) of AS-treated dams compared to 18/20 (90%) of water-treated controls. 

Application of a lower concentration of AS (2%) to the skin of mice on days 1 

through 17 of gestation also reduced the number of pregnancies (14/22; 63.6%), but 

this reduction was not statistically significant. because the number of animals 

compared was too small. The percentage of early and late deaths. the percentage 

of living fetuses and the incidence of malformation in AS-treated groups were 
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comparable to those noted for control mice. Body weights of living -fetuses in 

the 2% AS group were comparable to controls, but were significantly reduced in 

the 20% AS group (d:l.21 g; ':1.21 9 vs. control d:l.37 g; control ':1.30 g). 

Application of 10% AS twice a day to the backs of pregnant mice prior to 

implantation (days 0 ~o 3) interrupted cleavage of eggs and retarded fetal devel

opment. A significant number of embryos were in the oviducts of AS-treated dams 

(18.6%) compared to control mice (2.1%) with the majority in the morula stage 

in contrast to the late blastocyst stage of control embryos. AS treatment also 

resulted in an elevated incidence of deformed embryos compared to controls, mostly 

in the one to eight-ce1l-stage (29.1% vs 4.9% in controls). Application of 2% or 

20% AS to mice during late pregnancy (days 12 to 17), however, did not interrupt 

gestation. The 20% AS treatment reportedly retarded growth of suckling mice, 

but this effect disappeared after weaning (Nomura et ~., 1980). 

Thus. percutaneous treatment of pregnant mice with high concentrations 

(10-20%) of AS during early gestation appears to result in either death or normal 

survival. Treatment with high AS concentrations during later stages of pregnancy 

is neither embryotoxic nor teratogenic. At lower AS levels, a decreased num

ber of implantations is seen but the significance of this result cannot be pre

sent ly defi ned. 

Mutagenicity. Hope (1977) reported that the incorporation of C12ave AS into 

the diet of rats at a maximum tolerated dose (1.13% active ingredient) for 90 days 

had no effect on the chromosomes of rat bone marrow cells. These negative findings 

are the first available data on the mutagenicity of AS. 
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Pharmacology - Metabolism. 

Metabolic studies in rats indicate that great
er than 80% of the 3sS-labelled AS i8 excreted 
in the urine within 48 hours~ regardless of 
the route of administration. Butyric acid-4
sulfate is the major metabolite. 

Burke et~. (1978) recently examined the effect of substitution at the w

carbon on the distribution, metabolic fate and mode of excretion of AS. MRC 

hooded rats received 1 mg/200 g body weight of either lO-undecenyl [3SS] sulfate 

or 10-phenyldecyl [3SSJ sulfate by intravenous injection. 

With 10-undecenyl sulfate, approximately 78% of the injected radioactivity 

was recovered in urine, largely as the sulfate ester conjugate (68%); an addi

tional 10% was present as inorganic sulfate. Significant amounts of radio

activity were also detected in bile (9.9-11.5%), mainly as the sulfate ester 

conjugate. Thus, introduction of a terminal unsaturated linkage did not prevent 

metabolism. 

The presence of a terminal phenyl group on the alkyl chain in 10-phenyldecyl 

sulfate, however, blocked w, s-oxidation and resulted in biliary elimination of 

conjugated hydroxylated products. Biliary excretion, principally as the sulfate 

ester conjugate, accounted for 43.8% and 73.9% of the administered radioactivity 

in male and female rats, respectively. Urinary recovery varied from 10.4 to 

23.5% of the dose. Rats were killed 6 hours after injection. 

Pharmacology-Cellular Effects. In agreement with studies cited in the 1977 

Report, Ossipov et~. (1978) found that the hemolytic activity of a homologous 



I
 
I
 

series of AS (C8 to C15 ) on dog and human erythrocytes increased with alkyl chain 
, 

length, reaching maximum activity at twelve carbons. Further elongation of the 

hydrophobic chain did not produce any marked changes. '1 
.j 

B. Human Studies 

In two individuals, orally administered :J 
Ci G AS was well absorbed in one individual 
(80% excreted in urine, 7% in fece8 by 72 
hr), but poorly absorbed in the other test ] 
subject (20% in urine, 7J% in feces at llS 
hr). Skin irritation test results range 
tram little or no response to moderate , ]
irritation following exposure to 1 % AS 
under va1'1Jing conditions. 

: 1 

Skin Irritation. Dahl and Trancik (1977) induced moderate to intense I 
, l 

erythema on the forearms of 10 human volunteers in a 24 hr occluded patch test 

with a 10% aqueous solution of Cl2ave AS. The mean irritation scores were sig I 
nificantly higher at 26 hr (2.85 of possible 8 points) and 28 hr (2.88) than 

at 24 hr (2.00) when the patches were removed. Irritation decreased by 48 hr, :] 
with a significant drop in the intensity of inflammation apparent by 96 hr. ,I 

A similar 48 hr patch test in 100 twin pairs (54 monozygotic; 46 dizygotic) 
: J 

with a more dilute 0.5% C12 AS resulted in no reaction in 50% of the subjects 

and slight. non-inflammatory changes to mild erythema on the upper arm of remain I 

ing test subjects. No differences in response could be distinguished between 
Itwin groups (Holst and Moller, 1975). 

Fisher and Maibach (1975) found that application of aqueous 0.5, 1 or 2% 

solutions of C12ave AS to the backs of healthy male volunteers produced epi-
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dermal hyperplasia. Treatment with a 1% concentration produced an approximately 

30-fold increase in mitotic activity which peaked 48 hr post-treatment. Treat

ment with either 0.5% or 2% C12ave AS produced similar changes but to a smaller 

degree. 

Imokawa et~. (l975a) evaluated the relative intensity of skin roughness 

produced on the surface of the forearm of human volunteers from contact with 

1% aqueous solutions of AS with varying alkyl chain length (CB, C10 ' C12 , C14 ). 

Skin roughening potential increased with increasing alkyl chain length, reaching 

maximum intensity at twelve carbons. In later studies (Imokawa et ~., 1975bj 

Imokawa and Mishima, 1979), these investigators noted that the relative degree of 

skin roughening in vivo correlated with the extent of protein denaturation, but 

did not coincide with the irritancy potential as evaluated by the closed patch 

test. 

In another study. Oominguez et al. (1977) found that maximum adsorption on 

human callus occurred with AS with a hydrophobic chain length of twelve carbons. 

The extraction of proteins from human callus was also a function of chain length;
 

C12 AS and C14 AS were very active protein extractors compared to Ca, C,o and
 

C1B AS.
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ALCOHOL ETHOXYLATES
 

SYNOPSIS 

Alcohol ethoxyla~es (AE) comprise a major portion of the growing nanionic 

surfactant market. Their superior cleaning of man-made fibers, their tolerance 

to water hardness and their ability to perform well in cold water have increased 

their use in a large number of detergent formulations and specialty products. 

Since it ;s often difficult to distinguish between different classes of 

nanionic surfactant or their degradation products analytically. it is not possi

ble to ascertain which class of surfactant may contribute to levels of nanionics 

in waterways with current analytical methodology. There are presently no national 

criteria for levels of nanionic surfactants in waters of the United States, nor 

is there any indication of a need for criteria. 

As a class. -AE undergo extensive. rapid primary and ultimate biodegradation 

under both laboratory and field conditions. Neither variations in alkyl chain 

length nor increments in the length of the ethoxylate portion of the molecule 

(within the range generally utilized in detergent formulations were found to af

fect the rate or extent of AE degradation. The major degradative pathway of AE 

appears to be hydrolysis of the ether linkage and subsequent oxidation of the 

alkyl chain and EO portion of the molecule. Secondary and slightly branched 

primary AE appear to be degraded at slightly slower rates than linear primary AE. 

AE are toxic to aquatic fauna, with LCSO values generally between 0.4 to 

180 mg/L; sublethal effects have been observed at concentrations as low 
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I 
as 0.26 mg/L. The toxicity of AE generally increases as the ethoxylate chain 

decreases in length from 20 to 2 EO units. The relationship of toxicity to alkyl 

chain length is not totally clear; toxicity appears to decrease for AE with alkyl 

chain lengths less than 10 or greater than 12 carbons. Toxicity also decreases 

as the surfactant is biodegraded. The effect of water hardness on AE toxicity 

is uncertain; some studies have found that AE are less toxic in hard water. 

while others report no significant effect with variations in water hardness. 

AE are taken up by bluegill 'with whole body bioconcentration factors of 445

700; the greatest accumulation occurred in the gall bladder. Bioconcentration, 

however, was measured using 14C, and thus the effects of metabolism are unknown. 

The toxic effects of AE are attributed to gill damage and disruption of cell mem

branes. 

Acute toxic concentrations of AE for aquatic microflora range between 0.05 

mg/L and 1000 mg/L. depending on the species tested. Soil microorganisms have 

been adversely affected by AE concentrations of 1000 mg/L. The growth and 

development of higher plants have been inhibited by watering with AE solutions 

of 4-1000 mg/L, while the aquatic duckweed was affected at 1.9 mg/L. 

AE exhibit a low order of acute toxicity in laboratory animals. Oral 

LD 50 values range from 870 to >25,000 mg/kg, with toxicity increasing rapidly 

as the length of the ethoxylate chain increases up to a maximum toxic level 

at about 10 EO units/molecule. Two separate chronic studies with rats indi

cated no significant treatment-related effects resulted from ingestion of up 

to 1% AE in the diet for two years. Tumor incidence in treated animals were 

comparable to controls. There is no evidence of mutagenic or teratogenic effects 

resulting from AE exposure. Use of certain AE as analgesics and anesthetics 
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in human therapy have produced no untoward reactlons. These data suggest that 

u~e of AE iiS a ('':)mponent of detergent formulations poses no threat to environ

mental quality or to human safety. 
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I 
NOMENCLATURE AND ABBREVIATIONS 

1 

Throughout this chapter the designation of AE has been used to indicate I 
alcohol ethoxylates. The number of carbon atoms in the alkyl chain has been 

numerically designated via a subscript. If the information was available, the I 
following designations for linear (n), primary (pri) and secondary (sec) AE 'I 
were also specified. 

I 
The degree of ethylene oxide polymerization is indicated by a subscript 

which indicates either the average number of ethylene oxide units, if the desig- I 
nation is a single number, or a range. For example: 

] 
, I 

CgAEg•5 - nonyl alcohol ethoxylate (average 9.5 ethylene oxide
 

units). n-pri-C'2AES_12 - linear. primary dodecyl alcohol
 
, 1 

ethoxylate (8-12 ethylene oxide units). , J 

Occasionally. the abbreviation TAE has been used to indicate tallow alcohol :1 
ethoxylates which are derived from natural alcohols and usually contain 16-18 J
carbon units. 

,I 
In Section III, the phrase "complete biodegradation U refers to complete 

primary biodegradation. The complete conversion of a surfactant to carbon di- I 
oxide, water and other inorganic compounds is referred to as ultimate biodegra I
dation. 

I 

Arthur DLittle. Inc 
132 



TABLE OF CONTENTS
 

Synopsis 129 

Nomenctature and Abbreviations 131 

I.	 Introduction 136 

Bibliography 137 

II. Environmental Levels	 138 

A.	 Analytical Methods 138 

B.	 Water Ouality Standards 139 

139C.	 Nonianic Surfactants in Natural Water Bodies 

Bibliography	 141 

Ill. Bi odegrada ti on	 142 

A.	 Laboratory Investigations 142 

1468.	 Field Studies 

C.	 Effect of Chemical Structures 147 

D. Metabol ic Pathways of Biodegradation 147 

Bibliography 148 

IV. Environmental Safety	 150 

A.	 Aquatic Toxicity 150 

Arthur D Little. Inc 
133
 



TABLE OF CONTENTS (continued) 

1.	 AE Structure-Activity Relationship 
2.	 Acute Toxicity to Fish 
3.	 Acute Toxicity to Aquatic Invertebrates 

4.	 Acute Toxicity to Algae 
5.	 Sublethal Toxicity 
6.	 Chronic Toxicity 
7.	 Effects of Environmental Variables on AE Toxicity 

8.	 Bioaccumulation of AE 

9.	 Comparison of Toxicity Data with Environmental 
Concentrations of AE 

B.	 Effects of AE on Soil Microorganisms 

C.	 Effects of AE on Higher Plants 

O.	 Effects of AE on Birds and Wildlife 

E.	 Mode of Action 

Bibliography 

Human Safety 

A.	 Animal Studies 
Acute Toxicity Oral 

- Dermal 

Acute	 Irritation - Ocular
 
- Skin
 

Subacute Skin Irritation and Sensitization 

Chronic Toxicity	 - Oral
 
- Dermal
 

Carcinogenicity 

134
 

150
 

153
 

156
 

156
 

158
 

159
 
161
 

162
 

J63
 

164
 

166
 

167
 

167
 

169
 

171
 

171
 

171
 

172
 

172
 

173
 

173
 

174
 

176
 

177
 

Arthur D uttle.lnc 

1 

]
 

I
 
·I
 

]
 

'1
 
I
 

:1
 

· I 

I
 
I
 

j
 

·j
 

I
 
, 

)
 

I
 
J
 

I
 



TABLE OF CONTENTS (continued) 

Mutagen; city 177
 
Teratogenicity/Reproduction Studies 178
 

Pharmacology - Absorption and Metabolism 178
 

8.	 Human Studies 179
 

181
Bibliography 

•
 

Arthur D Little. Inc135
 



ALCOHOL ETHOXYLATES 
I 

I. INTROOUCTION I 

·I Alcohol ethoxylates rAE) comprise a major 
portion of the growing nonionic surfactant 
rna:t'ket. Their superior cleaning of m:zn
rocr.de fibel's~ their tolercmce of water hard
ne88~ facile biodegradabilit;y and low-foam 1 
ing p~perties have enhanced their use in 
neWer detergent formulations. AE aPe also 
widely used in speciaZty products and in ] 
processes where their emulsifying and 
wetting properties are needed. Prepared 
commercially by reaction of an alcohol 
and ethylene ozide~ AE and other nonbenzen ·I 
oid ethers accounted for 501 million pounds 
of surface-active agents Bold in the united 
States during 19733 of Which 377 million :] 
pounds Were mixed linear AE. 

'1 
Total United States production of alcohol ethoxylates and other non

benzenoid ethers in 1978 amounted to 655 million pounds, of which 476 I 
million pounds were mixed linear alcohol ethoxylates (U.S. International .1 
Trade Commission, 1979). These figures reflect the increased use over a five 

year period of an additional 100 million pounds of mixed linear AE. :]• 
) 

I 

J 
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II. ENVIRONMENTAL LEVELS I
 
I
A. Analytical Methods 

I 
A number of analytical methods employed in 
the determination of the presumptive levels ·I of nonionia surfaatants in the environment 
and/or in biodegradation studies Were re
viewed in the 1977 Report. These included: 
BIAS (bismuth iodide active substance8)~ ICTAS (cobalt thiocyanate active substanceB)~ 

picrate analysis, several less developed 
method8~ and various ah~matogI'aphic methods 
(thin-layer~ paper and gas). These methodS J 
vary conaiderably in their specificity for 
AE. Indeed, due to the similarity of the 
responses of intact surfactant and. degrada ]
tion prodUcts, it is often difficult to 
distinguish between them analytically. A 
prepurification step (e.g. sublation) is 
frequently incorporated into the analyti I 
cal pl'Ocedure~ particularly for analysis 
of environmental samples~ in an attempt 
to separate intact surfactant trom inter
ferring substances. Polyethylene glycoZs~ 

the major degradation inteT'lTlediates of AE 
can also be separated from the parent com ·1 pound by thin-layer chromatography. 

I 
The use of Amberlite XAD-4 resin as an extractant for low levels of AE and 

PEG (polyethylene glycols) was evaluated and used in studies of their fate in ,] 
various water systems (Jones and Nickless. 1978 a,b). Analyses were performed 

I
by (1) separation using the barium chloride~phosphomolybdic acid method followed · .' 

by measurement of absorbance at 310 nm, and (2) thin-layer chromatography and I 
use of the Dragendorff reagent for detection of AE and PEG. Concentrations of 

a seconddry AE as low as 10 ppb could be determined with large volumes (liters) I 
of water being analyzed, and interfering substances were removed by subsequent puri

fication procedures. Application of this method to a sewage plant influent and 

effluent (1978b) showed a great removal of AE (by ~90%). PEG was not signifi- I .I 



cantly removed. A further decrease in the concentration of AE (~lOO times lower) 

was observed in the stream below the plant. due either to dilution or further 

biodegradation. 

The potassium picrate method (PPAS) was used to analyze nonionic surfactants 

after extraction of standard and seawater samples with 1.2-dichloroethane 

(Favretto et ~., 1978). The use of C12AES as a standard was recommended. 

Interference from anionic and cationic surfactants was eliminated primarily by 

the extraction procedure. Seawater samples from the Adriatic (Trieste Harbor) 

showed PPAS values of 0.039-0.187 ppm. 

Recent work by Sones et~. (1979). using gas chromatography for determina

tion of alcohol and ether sulfates, as well as alkyl carbon distribution. was 

directed toward characterizing detergent formulations. 

8. Water Quality Standards 

There are present ly no national criteria for 
allowable nonionic surfactant concentrations 
in waters of the United States. 

C. Nonionic Surfactants in Natural Water Bodies 

Concentrations of nonionic surfactants,3 includ
ing AE, in the environment were discussed in 
the 1977 Report. Since in most instances,3 
cu:n>ent analytiool methods do not distinguish 
between specific classes of nonionics and/or 
their degradation products,3 it is not yet 
possible to ascertain which cLass of surfactant 
contributed to levela of nonionics in water
ways. Concentrations reported are almost al-
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I 

I 
ways lower than anionics at the seane sampling 
point. With respect to polyethylene glycol I 
concentrations~ a single study noted increases 
in seve~l English rivers over an eight-year 
interval. I 

: I Alcohol ethoxylates are not presently being monitored, as such, in the 

United States. :1
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[II. BIODEGRADATION 

As a alaB8~ AE undergo extensive J relatively 
rapid primary and ultimate degradation both in the 
laboratory and under fieLd conditions. Linea:!' 
primary AE also Bhf7W rapid uZtimate biodegrada
tion to CO2 and H20. Secondary and slightly 
branched pri/'TlII'Y alaohol ethoxyLates appear 
to be degraded Bomewhat more slowLy than Linear 
primary AE. 

A. Laboratory Investigations 

Primary biodegradation of AE in seawater and fresh water at two temperatures 

(20-23°C and 3-4°C) was studied by SChober1 and Mann (1976). They compared 

three AE's containing a primary branched-chain C'1-l4 alcohol with 7, 9 or 11 

EO units. Analyses were done with Wickbold's BIAS method. Degradation of the 

AE's was extensive in fresh water at the higher temperature but was slower at 

the lower temperature as expected. There was less difference between rates in 

seawater at the two temperatures. Under most conditions, the rates in seawater 

were higher than in freshwater. Increased length of the EO chain resulted in 

decreased rates of degradation, particularly at low temperature in fresh water. 

In a similar study, the extent of primary biodegradation (measured as CTAS 

response) of n.pri-C14_15AE7 in estuarine and ocean waters as compared to river 

water was studied. Greater than 85% primary biodegradation occurred in both es

tuarine and river waters in 11 days or less. Degradation was slower in ocean 

water, requiring 21-35 days to achieve 85% primary biodegradation (Procter and 

Gamble Company, unpublished data). 

There has been an extensive laboratory investigation of the degradation of 

n-pri-C14_1SAE7 (Dobanol 4S_7™) in an activated-sludge/mineral salts system 
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(Cook, 1979). From an initial concentration of 500 m9/L, with a TOC of ~325 m9/L, 

TOC was reduced 69% in three days and to the background (sludge) level in 15 days. 

Intact surfactant was no longer detectable by three days (TLC analyses) and a 

polyglycol-like compound appeared; it disappeared in 6-10 days. There was also 

a transient appearance of acid-extractable materials in the early stages of 

degradation. These results were obtained by several methods and showed similar 

patterns or were consistent with each other. 

A brief report on degradation of high concentrations of sec-C'2_14AEg in 

a continuous flow-activated sludge system showed it to be rapidly degraded 

(Kurata and Koshida, 1976). The criteria applied included CTAS, TOC and COD. 

After a few months, the low values of all three measures indicated nearly com

plete removal of the secondary AE. 

A series of papersonthe ultimate biodegradability of AE has emanated from 

the Shell laboratories (Kravetz et~. 1978; Kravetz et ~. 1979; and Scharer 

et~, 1979). These were primarily shake-flask studies, using either raw sew

age or secondary wastewater effluent as inocula. with determination of degrada

tion after a period of acclimation. Analyses were run for CTAS, TOC, DOC, CO2· , 
production and H8r cleavage followed by GLC for analysis of alkyl and polyoxy

ethylene (POE) residues. BOD analyses were also run with unacclimated inocula. 

One radioactive-tracer labelled surfactant was synthesized with 14C in the EO chain 

and 3H in the alkyl chain. One major difference between this study and previous 

ones (which showed only partial mineralization of the EO chains) was the use of an 

atmosphere containing 70% oxygen Uto provide sufficient oxygen for complete surf

actant oxidation to CO2''. Thus. the results are most pertinent to demonstrating 

Ubiodegradability," rather than as a demonstration that biodegradation (in actual 

situations) would occur at the rates observed or to the extent observed in the 

time-frame "of 29 days or longer where required. II 
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AE made from different alcohols with differing degrees of branching, com

bined with EO chains of different ltngths were tested. The alkyl chain was 

degraded more rapidly than the EO chain, with little dependence on degree of 

branching, but the primary branched chain ethoxylates were degraded more rapidly 

than a "10m; linear" secondary alcohol ethoxylate. The EO chains of the former 

were extensively mineralized (80-95+%) as determined from H8r cleavage. DOC re

duction and CO2 release (chemical and radioactive). 

In the second series with a similar test system and experimental conditions 

(Kravetz et ~.• 1979), EO chain lengths of 7, 18, 30 and 100 units were used on 

a common alcohol (n-pri-C12_15 alcohol). Results showed only sli9ht decreases 

in ultimate biodegradation up to 30 units (all up to 90% or more in 21 days). 

The AE containin9 100 EO units per mole showed only 20% ultimate biode9radability, 

and that may be attributed to the relatively few short POE chains in this mater

ial. The tracer results are best interpreted as indicating the primary attack 

was linear" the a-carbon of the alkyl group. It was suggested that results of 

other studies indicating an initial attack on the w-end were due to the presence 

of other microbes in the inocula used. The initial a-carbon oxidation might 

produce an ester, which would be split by esterases, releasing the POE chain as 

PEG (polyethylene glycol-type intermediates). 

In developing a kinetic model for estimating biodegradation potential of 

xenobiotics (Larson, 1979). some data were developed on ultimate AE-biodegrada

tion. Test conditions involved an acclimated inoculum developed in a semi-

continuous activated sludge system (in which 100% removal by soluble organic 

carbon analysis of C14_l5AE7 in 5 days has been determined), and the use of 

the test substance as sole carbon source in a BOD medium. The rate and extent of 

602 evolution for two AE's (C13_l4AE7 and Cll_12AE6.5) were high, 95.0-99.8, and 

98.7-86.5%, respectively, at 10 and 20 mgjL. This indicates a high degree of 
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mineralization. A detailed study of the kinetics of AE biodegradation in Ohio 

River water (Larson and Perry, 198O) showed rapid biodegradation of AE including 

the EO chain. Methods included the use of the electrolytic respirometer to 

measure oxygen consumption, and 14C-labelling in the EO chain. The commercial, 

unlabelled linear AE was C12.5AE6.5 and the labelled AE, C1ZAEg. The rate of 

linear AE degradation, measured by oxygen consumption, showed evidence of satura

tion at AE concentrations of 5 mg/L or greater. However, degradation of the 

ethoxylate chain of C12AEg was rapid and directly proportional to concentration at 

levels normally found in surface waters (10 ppb). In experiments where CO2 evolu

tion from labelled (in the EO portion) and unlabelled AE were measured, the ex

tent of degradation averaged 88-97% of theoretical across a range of test condi

tions and concentrations. This again indicates a rapid and high degree of de

gradation and mineralization of the EO chain, as well as the alkyl moiety. In 

addition. the rate of degradation was five-fold higher at 10 ppb with labelled 

AE than that found in screening studies with 20 ppm, suggesting that screening 

results may underestimate the true environmental rate. 

The microbial degradation of PEG from surfactants has been studied separately 

by several groups. A detailed review (Cox, 1978), presented results and problems 

to date, including the diversity of microbial types which have various degrees of 

activity against compounds of differing .chain lengths. 

Three species of bacteria illustrating this latter point were studied by 

Jenkins et~. (1980). Cook (1978) presented a method for the isolation of 

such bacterta, and Haines and Alexander (l975) performed detailed biochemical 

studies with Pseudomonas aeruginosa. 
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I 
B. Field Studi es J 

1 
The available data on the performances of 
AE in the fie Ld were quite limited for the 
1977 Report~ but indicated extensive degrada-" Ition of AE occurred in the field. 

I 
A municipal sewage plant (activated sludge) was used to study the treat

ability of n-pri-C14_1SAE7 (Sykes et 2.l.• 1979). Surfactant was dosed into the ] 
plant inflow at 5 or 10 mg/L. and reduction of AE concentration ;n the primary 

and secondary effluents was measured by eTAS. Removal in the secondary pro J 

cess averaged 80% before and after dosing (recovery) and 90% during the dosing :I 
periods. Total plant reductions were only slightly higher. These results 

paralleled the removal of total BOD and MBAS. indicating little, if any. effect :I 
on the performance of the plant. Results were remarkably consistent through , , 
summer and winter periods. . j 

'J 
Similar results were observed in a German activated sludge plant (Wagner, 

197B) in which influent and effluent concentrations of nonionic surfactants of :1 
the AE type were followed by BIAS for a year. No dosing was done, but a special 

heavy duty detergent, apparently containing AE, was used in the area during the test '
'.. ' 

I 

period. The mean BOD5 reduction was 96% with 91% for BIAS (nonionics) and 94% :I for MBAS (anionics). 

.1 
A similar study, conducted in England during the winter, also showed high 

removal of AE in a trickling filter plant (Abram et ~." 1977). Measurements by j 
the Wickbold method (CTAS). showed 96-9B% loss of Dobanol 4S_7™ (C14_1SAE7) and . I 

IDobanol 4S_11™ (C14_1SAEll)' at influent concentrations of 10 and 25 m9/L. The 

effluents were non-toxic to rainbow trout. 
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The results of Jones and Nickless (1978b) have been discussed in connection 

with their methodological development. 

c. Effect of Chemical Structures 

Neither variations in the alkyl chain length 
nor increments in the length of the ethoxylate 
portion of the molecule (within the range 
generally utilized in detergent formulations) 
/Jas found to affect the rate and extent of 
AE degradation. HO/Jever~ increments beyond 
20-~O EO units definitely retard the degrada
tion of the molecule. 

D. Metabolic Pathways of 8iodegradation 

The major degradative pathway of alcohol 
etho:cy Zates appears to be hydro lysis of 
the ether linkage and subsequent oxi
dation of the alkyl chain. The poly
ethoxylate moiety of the AE molecule 
readily degrades to form lower molecular 
/Jeight polyethylene glycol-like materials 
and ultimate Zy ~ CO2 and H20. 
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IV. ENVIRONMENTAL SAFETY
 
, 

A. Aquatic Toxicity , 

A general consideration of the environmental safety aspects of AE was 1 
presented in the 1977 Report. Studies conducted since that time are dis

,1 
cussed in this section, with reference to earlier work. The methodology 

used in the present report is described in Chapter 1 of the 1977 Report. , I 

1. AE Structure-Activity Relationship ] 

An increase in aquatic toxicity of AE is :I 
observed with decreasing ethoxyZate chain
 
length~ ranging from 2 to 20EO Wlita.
 
Also noted is an association between de :I creasing alkyl chain length and decreasing 
toxicity as ethoxylate chain length l'emains 
constant. One study~ however, fOWld that 
the most toxic of the. AE3 compoW'uis tested I 
had an alkyl chain of ten carbons, and that 
toxicity decpeased when the alkyl chain was 
shorter than C1') 01' longer than Cl:2' :] 

:IThe deg~dation of AE reduces their toxi
city to fish. Most of the mortalities 
caused by AE in static toxicity tests oc j
~r within 24 hours; the reduced toxicity
 
with time is attributed to deg~dation of
 
the surfactants. One exception to this
 
was reported for Plumfac RA 433 a modi
 I 
fied AE; toxicity to an annelid decreased 
only slightly during 28 days of exposu:t'e. 
Brine shrimp were found to be relatively 

Itolerant of ethylene glycols 3 intermediate
 
degradation products of AE.
 

These findings have been confirmed by more recent information on AE 

toxicity. The trend of increasing toxicity with decreasing ethoxylate 

chain length is evident in the data of Shell Chemical Co., (unpublished 
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reports) and Kurata ~~. (1977), as presented in Table 3-A. Maki and 

Bishop (1979) explicitly demonstrated this relationship in a comparison 

of the toxicities of C'4AE samples with ethoxylate chains ranging from 

one to nine EO units in length. In a consistent pattern. LCSO values 

increased by a factor of 12, from 0.83 mg/L for AE 1 to 10.1 mg/L for AEgo 

The effect of biodegradation on toxicity of AE has been examined by 

several investigators (Maki et ~, 1979; Abram et ~.• 1977; Reiff. 1976. 

Kurata et ~o, 1977). Maki and coworkers (1979) examined the effects of 

sewage treatment on the toxicity of C'4.5AE7 to fathead minnow. In a 

series of tests, these investigators determined the acute toxicity of 

this surfactant in various dilution waters. in sewage effluent and in 

the effluent subsequent to spiking of the influent with the surfactant. 

Degradation tests were also conducted to determine the decreased toxicity 

in both effluent and river water with biodegradation. In addition, a 

stream survey was conducted using various indices of the community struc

ture to determine the impacts of the sewage treatment plant as well as 

surfactant spiking. The results of these in-depth investigations were 

extensive. but can be summarized as follows: 

•	 Toxicity varies with the dilution media. A medium high
 

in suspended solids and organic matter, and thus bacterial
 

populations, results in reduced acute toxicity. For ex


ample, the 96 hr LCSO values for fathead minnow increased
 

from 1.2 to 1.38 to 2.48 mg/L for C14 .5AE7 in tap water 

(virtually no 55 or COO measurable), stream water (3-20 mg/L 

55; 5 mg/L COD and secondary effluent (50 mg/L 55; 33-124 

mg/L COO), respectively. 
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] 

•	 An overall 90% removal of surfactant in wastewater treatment I 
was found. No differences in toxicity to fathead minnows 

were observed between effluent collected during the background I 
period and during the spiking of the influent with 10 mg/l I 

AE7, The authors therefore concluded that the acute Cl4 . s

toxicity of 10 mg/l of the surfactant was eliminated during
 I 
passage through the sewage treatment plant. 

I 
· I 

•	 In biodegradation tests, the surfactant was reduced to non~toxic 

.1
levels in both stream water and effluent within 24 hours when the 

initial surfactant concentration was 3 mg/l or less. At a concen ; I 
tration of 10 mg/l. toxicity associated with the surfactant was 

observed for S days in stream water and for 2-3 days in secondary :I 
effluent. ·j 

•	 The biodegradation products of the surfactant are apparently non I 
toxic to fathead minnow. In a die-away test conducted with gently 

aerated. 100% secondary effluent spiked with 30 mg/L C14 ,SAE7, the I 
CTAS level was 0.S7 mg/L at B days. None of the fish added at that 

Utime died or exhibited abnormal behavior. 

J 
•	 Significant differences were found in community structure among
 

upstream, downstream, and recovery zone locations of the receiving
 · I 
stream. but no effects attributable to the surfactant dosing were 

j
observed within each location. 

I 
Abram et~. (1977) conducted a similar study, adding C14 .SAE7 and C14.SAEll 

I 

to domestic sewage influent at both 10 and 25 mg/l. Removal by trickling filter I 
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treatment was 96-98% as measured by CTAS response, and the effluent showed no 

toxicity to rainbow trout. 

The data of Reiff (1976) and Kurata et el. (1977) also indicate that 

the biodegradation products of AE surfactants are much less toxic than the 

parent compounds. The 48 hr LC 5D values for 901dfish for C12_14AE9 and 

Cl2_l5AE9 increased by factors of 18 and 65. respectively, after four days 

in solution (Kurata et el. 1977). Reiff (1976) reported that at a high 

initial loading of 20 mg/L,. an unspecified AE compound lost its toxicity to 

rainbow trout in 10-14 days. 

2. Acute Toxicity to Fish 

The 1977 Report cited LCso values nanging 
from 0.7 mg/L C16-laAE14 .for the rainbow 
trout to 150 mg/L C1zAEzo for the goldEn 
orfe. 

Table 3-A summarizes recently published data on the acute toxicity of 

AE to finfish. The LC5U values range from 0.4 mg/L TAE 3 for the brown 

trout (Salmo trutta), to 12 mg/L C12_14AE12 for the goldfish (Carassius 

auratus). 

3. Acute Toxicity to Aquatic Invertebrates 

Invertebmtes show a much broader range of 
sensitivity to various AE surfactants 3 with 
LCso values vaPying between 1.1 mg/L 
C12- 1eAE14 for Daphnia3 to more than 180 
mg/L Ca-loAElS for mosquito larvae (Culex 
pipiensJ. One study found that surfactant 
hydropJriZicity was inversely related to 
to~city in pZanaria. 
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TABLE 3-A. ACUTE TOXICITY OF ALCOHOL ETHOXYLATES TO
 FISH 

Test 
Duration 

48 and 
96 hr 

48 and 
96 hr 

48 and 
96 hr 

48 and 
96 hr 

48 and 
96 hr 

96 hr 

96 hr 

96 hr, 350m9/L 
96 hr, 250m9/L 

Reference 

Shell Chemical Co., 
unpublished data 

Shell Chemical Co., 
unpublished data 

Shell Chemical Co., 
unpublished data 

Shell Chemical Co., 
unpublished data 

Shell Chemical Co., 
unpublished data 

Bishop and Perry 
(1979) 

Lewis and Perry 
(1979) 

hardness Maki et al. 
hardness (1979) 

96 hr, 100m9/L hardness 

96 hr 
96 hr 
96 hr 

96 hr 
96 hr 
48 hr 

•i....-- • '------..; 

Reiff et al. 
(1979) -

Reiff et al. 
(1979)-. 

~-_. 



TA8LE 

Species 

Golden orfe 
(I dus i dus mel anotus) 

Golden orfe 
(Leuciscus idus 
melanotus)-

Goldfish. juvenile 
(Carassius auratus) 

Goldfish, juvenile 
(Carassiu5 auratus) 

m 
m Goldfish. juvenile 

(Carassiu5 auratus) 

Goldfish, juvenile 
(Carassius auratus) 

Goldfish. juvenile 
(Carassius auratus) 

Goldfish. juvenile 
(Carassius auratus) 

Minnow . 
(Macrones vittatus) 

:l> Mummichog 1 

~ (Fundulus heterocl;tus) 
~ 

o
c IMarine species.
i' 
~ 

11 

3-A. ACUTE TOXICITY OF 

Surfactant 
(Trade Name) 

TAE g 
C12-14AEIO-ll 
C12-14AEa 

AE lO 

AE lO 

C12':' 14AE 7 
(SEC-7™) 

C12_ PI AE 
(SEC-9™ J 
C12-"AE~1
(SEC-12T 

C"-'rAE•(LA-9 M) 

_lSAEC12
(OXO-9™ j 
Swan;c 6L™ 

C".sAE 

ALCOHOL ETHOXYLATES TO 

LC so Con
centration 

(m9/L,9 5%CL) 

2.3-2.5
 
4.1-4.5
 
1.8-2.7
 

8.3 

7.1 

3.3 

5.1 

12.0 

1.9 

1.4 

0.5 (0.42-0.56) 

1.45 

FISH
 (continued) 

Test 
Duration 

96 hr 
96 hr 
96 hr 

48 hr· 

48 hr
 

48 hr
 

48 hr
 

48 hr
 

48 hr
 

48 hr
 

96 hr
 

96 hr
 

Reference 

Reiff et~. (1979) 

Fischer and Gode 
(1978) 

Fischer and Gode 
(1978) 

Kurata et al. (1977) 

Verma et al. (1978) 

Mak; (1979b) 



I 
I 

I 
The range of lCSOls found in recent studies is from 0.29 mg/L 

C'4.SAE7 for Daphnia magna. to 30.9 mg/L of the same compound for the I 
blue crab (Callinectes sapidus). The LC50 for Q. magna (see Table 3-6) I
is the lowest toxic level reported to date, suggesting that the daphnid 

is the most sensitive of the species tested. Bode et~. (1978) reported I 
"lethality" in 24 hr toxicity tests with Hydra attenuata exposed to 

2 x 10-2 roM concentrations of a series of AE with varying alkyl (10-18 I 
carbons) and ethoxy (5-l8EO) chains. Two surfactants. C10AE6 . and7 ']
C1SAE 7, were somewhat less toxic. causing mortality at 2 x lO-'mM. 

] 
4. Acute Toxicity to Algae 

·I 
In the 1977 Report, AE BurfactantB were re
ported to exert adverse effects on algae at Iconcentrations ranging f~m 5 mg/L to great
er than 1000 mg/L. The l7kJBt comnon effect 
was inhibition of growth and cell division. · I 

·I 

Kutt and Martin (1974) exposed cultures of a red tide dinoflagellate :i 
(Gymnodinium breve) to various concent(ations of coconut alcohol-derived 

'(
AE for periods of up to 10 days. A concentration of 0.05 mg/L produced 

33 %mortality on the second day after inoculation; recovery was not ) 
described. 

j 
In a recent study, Payne and Hall (1979) argue that mortality values 

for a percentage of the test organisms (e.g. LCso ) are not useful because 

of the rapid growth rate of algal cultures upon removal to clean water. 

,
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TABLE 3-B. ACUTE TOXICITY OF ALCOHOL ETHOXYLATES TO AQUATIC INVERTEBRATES 

Species Surfactant 
(Trade Name) 

LC so Con
centration 

(m9/L±95%CL) 

Test 
Duration Reference 

Daphnia magna C14 AE l 
C'4 AE 9 

0.83 
10.1 

(0.73-0.91) 
(9.46-10.66) 

48 hr 
48 hr 

Maki and Bishop 
(1979) 

Daphnia magna C12 sAE6 5 
Cp .: sAE7 • 

1.14 
0.43 

(0.96-1.31) 
(0.37-0.51) 

96 hr 
96 hr 

Maki (197ge) 

Daphnia magna C14 • sAE 0.7 (0.5-0.9) 48 hr Bishop and Perry 
(1979) 

Daphnia magna C14 sAE7 TM 
(Neodol 45-7 ) 

0.34 
0.29 
0.40 

(0.26-0.39) 
(0.22-0.31) 
(0.3-0.5) 

48 hr, 35mg/L hardness 
48 hr,181mg/L hardness 
48 hr,340m9/L hardness 

Lew; 5 and 
(1979) 

Perry 

~ 

m 
~ 

Daphnia magna C14 • sAE 7 ' TM 
(NeDdo] 45-7 ) 

0.36 (0.17-0.45) 
0.34 (0.26-0.43) 
0.40 (0.35-0.46) 
0.38 (0.29-0.47) 

48 hr, 25m9/L hardness 
48 hr,125m9/L hardness 
48 hr,225m9/L hardness 
48 hr,325mg/L hardness 

Procter and 
Gamble Company, 
unpublished data 

Mussell 
(My til us edu1 is) 

TAE IO 50 96 hr Swedmark 
(1976) 

et a1. 
-

Pink shrimp, juvenile l 

(Penaeus duroarum) 
C1lf • sAE 7 0.78 (0.34-1.8) 96 hr Maki (197gb) 

Blue crab l 
(Callineetes sapidus) 

C14 • sAE 7 30.9 (26.2-36.5) 96 hr Maki (197gb) 

»;; 
2" 
~ 

o 
c 
"l' 
r; 

IMarine species. 



In their own toxicity studies, the authors confirmed the report of Hall 

(1973) that cultures of the blue-green alga (Microcystis aeruginosa) sur

vive C12_l4AE6 concentrations of 1000 mg/L with no adverse effects. 

C12_14AE6 was algistatic (causing no change in cell number during exposure, 

but permitting regrowth in fresh media) to populations of the diatom. Navi

cula seminulum, and the green 31ga, Selenastrum capricornutum, at concen

trations of 5-10 mg/L and 50 mg/L, respectively; C12_14AE6 was algicidal 

at 100 mg/L and 1000 mg/l. respectively. The authors concluded that a 

50% reduction in standing crop for algal species does not represent a good 

measure of toxicity. especially in the logarithmic phase of growth. 

5. Sublethal Toxicity 

A variety of slibleth.al effects was discussed 
in the 1977 Repo~t, most of which occurred 
at AE concent~tions of 0.5-2 mg/L. In ~n
bow trout and cod, prog~e88ive sliblethal 
effects included erro.tic and e:mggerated 
swirrurring, loss of balance, and complete 
passivity. In invertebrates, responses to 
sublethal concentrations of AE we~e charac
terized mainly by reductions in growth rate 
and loss of swirrurring abi li ty in la~vae. 

The only recent information on sublethal effects of AE in finfish is 

from a study by Maki (1979a) on bluegill sunfish (Lepomis macrochirus). 

In 48 hr tests, concentrations of 0.26-1.2 mg/L, C12 .SAE suppressed venti 

lation rates by 30-S0% compared to the controls as concentrations were in

creased from 0 mg/L to 1.2 mg/L. C14 .SAE also decreased respiratory 

I
 
] 

I, 

1 
. l 

]
 

.J
 
]
 
, .~ 

I 
~.J 

, 
I
I 
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activity but less strongly than C12 . SAE. The authors concluded that the no 

effect concentrations for ventilation were 0.26-0.54 mg/L for C'4.SAE and 

greater than 1.S6 mg/L for C12 .SAE. The NOEC for C12 .SAE agreed with the 

chronic MATC for fathead minnow, while the NOEC (>1.S6 mg/L) did not agree 

with the chronic MATC «0.21>0.28 mg/L) for C14 .SAE, suggesting that this 

method may not be a good predictive tool for some nanionic surfactants. 

In a test with barnacle nauplii (Elinius modestus), Wright (1976) 

determined a 3D-minute EC SO value for immobilization of 580 mg/L C10AE20 . 

Recovery of 50% of the affected specimens occurred within 20 minutes after 

removal to clean water; all organisms recovered within 48 hours. Maki 

'197gb) exposed larval Eastern oysters (Crassostrea virginica) to various 

concentrations of C'4.SAE; the resultant 48 hr EC SO value for inhibition 

of larval rlevelopment was 0.11 mg/L. 

In summary, sublethal effects in aquatic fauna have been observed 

at concentrations of 0.11 mg/L to more than 2 mg/L with various AE sur

factants. The lowest value was reported for the larvae of the Eastern 

oyster. The lowest AE concentration producing a distinct sublethal 

effect in fish was 0.26 mg/L in the bluegill. 

6. Chronic Toxicity 

No chronic toxicity studies with AE we1'e 
included in the 1977 Report. 
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1 
Granmo and Jorgensen (1975) performed chronic toxicity tests on the 

1
mussel (Mytilus edulis) to determine the effects of TAE lO on spawning and 

fertilization. Spawning ability was not affected by long-term (5 months) j 
exposure to TAE10 concentrations as high as 1.5 m9/L. However. fertili

zation of the gametes of the exposed mussels decreased with increasing "I 
TAE10 concentration, and was almost completely inhibited at 2 mg/L. A 'I
no-effect concentration was not established because development was in

hibited at the lowest concentration tested (D.l mg/L). "I 

No observed effect concentrations for fathead minnows (Pimephales ] 
promelas) were reported by Maki (1979c). From a chronic toxicity test 

Jwith special attention to egg production and spawning rate, the author 

derived a NOEC of 0.32 mg/L for C12 . 5AE, the hi9hest concentration tested. ! 
An embryo-larval test (3D-day continuous exposure to embryos and newly 

hatched fry) was conducted with C14 .SAE. A NDEC of D.18 mg/L was indi J 
cated for fathead minnow. From 21-day exposure studies, a NOEC of 0.24 

mg/L was established for both surfactants for Daphnia; the 96 hr LCSO 
.1 

values were 1.44 and 0.43 mg/L, respect1vely. i1 
Limiting concentrations of 1 mg/L and D.S mg/L C'3_1SAE1D' i.e., :1 

the highest concentrations at which no mortality occurred, were determined 

for the flatworms Dugesia gonocephala and Notoplana humilis. respectively, .1 
by Patzner and Adam (1979) in 3D-day tests. Regeneration of the worms, I 
however, was inhibited at concentrations of half these values. 

I 
• I 
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7. Effects of Environmental Variables an AE Toxicity 

The 1977 Report discussed the influence of 
wter characteristics on the aquatic toxi
city of AE. Rainbow trout and .goldfish 
were found less susceptible to C12AE3.25 
in hCU'd water than in soft water, even 
when acclima:ted in soft water. 

Recent studies have examined the effects of several environmental 

variables an the toxicity Of AE surfactants. Twa reports (Maki and Bishop, 

1979; Maki et ~., 1979) suggest a slight decrease in AE toxicity as water 

hardness increases. Maki and Bishop (1979) found the 4B-hour LCSO for 

C14 .SAE7 for Daphnia increased from 0.36 mg/L at SO mg/L CaC0 3 hardness, to 

0.90 mg/L at 350 m9/L hardness. However, no such trend was observed in ather 

tests for the same AE surfactant and species over a range of 25-325 mg/L hard

ness for the test waters when the Daphnia were cultured in hard water (350 mg/L) 

(Procter and Gamble Company, unpublished data). Maki and Bishop (1979) found 

that the hardness of the cul ture water in which Q.. magna were raised had no 

effect an sensitivity to C14.5AE7 in tests with soft water and only minimal 

effects in hard test waters. Overall, water hardness appears to exert no 

marked effect on the toxicity of AE to D. magna. 

Lewis and Perry (1979) also tested the toxicity of C14. AE7 to daphnids 
S

for synergism or antagonism with ather (anionic or cationic) surfactants. 

Their results indicate that a mixture of AE and a cationic surfactant 

(C12- l4 monomethyldihydroxyethyl ammonium chloride) exerted a more-than

additive toxic effect. However, additive and less than additive results 

161 
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I 
were indicated in other cases studied. Mixtures of AE with LAS or all Ithree types of surfactants together exerted no more than an additive toxi

city to Daphnia. Binary and ternary mixtures were also less than 1 
additive or additive to bluegill. 

°1 
· I 

Maki and Bishop (1979) conducted parallel tests with Daphnia magna 

to determine the effect of suspended solids on AE toxicity. In 48-hour .1 
tests. the presence of 50 mg/L kaolinite clay did not significantly alter ] 

.1 
8.	 Bioaccumulation of AE 

:1 

No information was available for the 1977 
Report on uptake and bioaccumulatian of AE .1 
by aquatic organisms. 

1 
Two studies have since examined the bioconcentration of AE by bluegill 

sunfish (Lepomis macrochirus). In 28-day tests, Bishop and Maki (1979) ex ·I 
posed juvenile bluegill to l4c-labelled-c14AE7 in concentrations of 0.02 mg/L ] 
or 0.20 mg/l. Uptake of AE was rapid. and whole body bioconcentration factors 

reached a plateau of 700 at both concentrations within 120 hours. Approxi J 
mately 85% of the accumulated l4C activity was eliminated after 432 hours 

Iof exposure in clean water.	 · , 

For 14C-labe11ed C'4AE7 (0.016 mg/L), the whole body bioconcentration 

factor was somewhat greater for small (0.6 g) fish at 613. than for the 
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larger (4 g) fish, at 445, but the authors concluded that they were not 

significantly different. The gall bladder accumulated the most AE of any 

organ wlth a BCF of 35,056, and muscle tissues the least with a BCF of 

156 (Procter and Gamble Company, unpublished data). It should be noted 

that these BCF are based on 14C-activity and assume that all AE are intact. 

Thus, these values represent maximum BCF. 

9.	 Comparison of Toxicity Data with Environmental Concentrations 
of AE 

The toxicity of AE 5urfactants is difficult to assess in terms of 

observed environmental concentration in that monitoring data are limited. 

Maki (1979b), however, has attempted to assess the hazard of C'4.SAE to 

estuarine aquatic organisms through the use of modeling techniques. Sur

factant concentrations were estimated using assumed input from sewage 

treatment plants and appropriate dilution for twenty different estuarine 

locations;, no degradation was allowed for. In that no monitoring data on non

ionics were available, the resultant concentrations were compared to the 

limited monitoring data available on anionic surfactants. measured as 

MBAS. In the two locations where comparisons could be made for anionic 

surfactants, the agreement between Maki1s model and monitoring data was 

good. Maki, therefore assumed that agreement between his model and moni

toring data for nonionic surfactants would also be good. Using Maki1s model, 

the estimated maximum AE concentrations for the estuaries ranged from 

0.2	 ~g/L in Penob~cot Bay, Maine to 19.8 ~g/L in the Hudson River. 
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I 
The geometric mean of AE concentrations for all estuaries was 3.2 vg/L. 

Results of acute toxicity tests and Maki's calculated safety factors are 
.]

shown in Table 3-C. The results indicate that oyster larvae are the most 

sensitive. with a chronic safety factor of 9. It should be pointed out, ·, 
however, that the calculated AE concentrations were based on a conserva

tive or high estimate of inflow from sewage treatment plants. and that .) 
no degradation was allowed for. Thus, the calculated safety factors are 

also probably conservative. J 

·I , ,B. Effects of AE on Soil Microorganisms 

The 1977 Report contained results of severol 
experiments on the effects Of alcohol ethoxy
lates on soil microorganisms. The nitrifica
tion process in two soil types was slightly 
inhibited by a o. 1% soil concent:ro.tion of 

· 1 
Cl~E. In soil watered with a 1000 mg/L
 
solution of C11-1sAEg, microfungi biomass , I
 
was ~duced by 16% compared to controls.
 
No reduction in number of specnes lI:las ,]

observed. At 10 mg/L of this compound,
 
the growth of seveFal species was acceler

ated, indicating a possible use of the AE
 
as a car'bon source. Othe'P effects, such
 Uas ~duced sporulation, pigment diffusion, 
and nduced exudate production we'Pe ob
ae'PVed at concent:ro.tions less than 1000 mg/L. 

I 

No further information on this aspect of AE toxicity has been 

found. 

· ,I

J 
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TABLE 3-C. TOXICITY OF CJ4 sAE TO AQUATIC ORGANISMS 
AND CALCULATED SAFETY FACTORS 

Mean 
Acute Chronic 

Speci es Effect 
EC so 

(m9/L) 
NDEC 

(mg/L) 
Safety 
Factor* 

Safety 
Factor** 

Oyster larvae 48 hr larval deve 1. 0.11 0.06 44.7 9 

Pink Shrimp 96 hr LC 5D 0.78 0.56 418 84 

B1 ue Crab 96 hr LCSO 30.9 10.0 7461 1492 

MUrruT1ichog 96 hr LC SO 1.45 1.D 746 149 

(Maki. 1979b) 

*	 Calculated from the acute NOEC divided by the estimated maximum estuarine 
concentration. 

**	 The product of the acute safety factor and an application factor (i.e., 
chronic NOEC/96 hr LCSD ) of 0.2. 
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I, 
C. Effects of AE on Higher Plants 

] 

AE 8urfactants were found to have adverse
 
effects on plant gl'Owth and development in
 I 
8olutions of 4-1000 mg!L. It was hypothe

sized that the site of 8urfactant action
 
i8 the cytomembmne.
 I 

'1Bishop and Perry (1979) exposed the aquatic duckweed (Lemna minor) 

to flow-through exposures'of C14 .SAE. The calculated 7-day ECsO was 
;1 

21 mg/L on the basis of frond count (a measure of growth performance). 

and 1.9 mg/L an the basis of root length. .\ 
An extensive study on the effects of ten AE surfactants on two :1 

species of grass was conducted by Valoras and Letey (1978). Barley I
and rye grasses were exposed to 50 mg/L or 100 mg/L solutions of each 

surfactant. Growth greater than or equal to contral was seen with all j 
surfactants at 50 mglL concentrations. At 100 mg/L, n-pri-C12_l3AE3 

and n-pri-C'2_1SAE3 were the most toxic for both grasses; barley growth .I 
was reduced by 25% and 20%, respective)y. Rye grass was generally more 

Isensitive than barley with growth reductions of approximately 50% and 

SO%, respectively, for these two surfactants. although growth in both I 
species was inhibited by 100 mg/l concentrations of all the surfactants 

tested (i.e., n-pri-c12_1SAE7' -AEg, -AE12 , -AE20 , -AE30 ; n-pri-C9_l1AE2.S' · , I
-AE6, -AES" The least phytotoxic compounds for both barley and rye grasses 

were n-pri-C12_1SAE20' n-pri-C9_11 AE6 and n-pri-C9_11 AEB, 

!,, 
• J 
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The phytotoxicity of AE in the field was tested in a study which in

vestigated the utility of utilizing AE to reduce soil hydrophobicity in 

burned areas to allow reseeding. Neodol 91_STM (SO%) was applied to 3 

plots at 16 or 32 lb/acre following seeding with ryegrass. The site was 

rapidly revegetated with perennials and annuals, and nO"phytotoxicicity to 

the ryegrass was observed (Shell Chemical Co., unpublished data). 

D. Effects of AE on Birds and Wildlife 

A single study tested CII-ISAE9 (PA-14J for 
use as an avian stres8i,~ agent for control 
of starlings and blackbirds. This surfa(!tant~ 
applied as an. aerial mist~ breaks dolJm oil in 
the feathers of birds, thus removing their 
natural waterproofing. If feathers bel!ome 
water-soaked. lethal hypothema results. 
The oml toX'il!ity of PA-14 to sparrow haL)ks 
was found to be 6.300 mg/kg. 

No other information on aVian or terrestrial toxicity was avail

able. 

E. Mode of Action 

AII theorized rrrx]e.s of action by AE lLlere 
sW7lJ7l':lrized in the 1.9?? Report. One author 
attributed the toxic effel!ts to changes in 
cell membrcrne8~ which result from a reduc
tion in the surface tension of the water 
l!aused by AE dissolution. Toxicosis is 
usually evidenced by gill injury, the first 
sign of which rray be an aC{!lQ77U.lation of f7TUl!U8. 
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C~ticaL miceLLe concent~tions of AE in jfish tissues may aLso be a factor. How
ever.. no singLe hypothesis has yet been 
abLe to explain the 1TrJde of action of AE. I · , 

,I No additional information was available in this area. 

,I 
,j 

:! 
:I 
·] 

] 
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V. HUMAN SAFETY 

The hwnan safety dar:a on aZ(~ohoZ ethoxyl.at({8 
presented in the 1977 Report indicated that al
though adequate chronic animal tests were not 
available J prolonged USe of certain AE as hWTrln 
analgesics had revealed no untoward reactions 
to AE at doses many times those expected from 
environmental SOUl'Ces. 

A. Animal Studies 

AE exhibit a lOJiJ order of acute toxicity in 
experimental" animals. Oral LD so values 
range from 1600 to )25.. 000 mg/kg with toxi
city increasing rapidly as the length of 
the ethoxy late chain increases up to a 
rraximwn at about lOEO units/ 
swofactant molecule. The length of the 
alkyl chain exerts a negligible effect 
on toxicity. No chronic studies Were 
available for AE but ingestion of 1% AE 
in the diet for one month was without effect 
in rats. Acute skin ipritation studies with 
undiluted AE samples produced slight to ex
treme irJY~t4tion reactions in rabbits but 
these exposUl"es are considerably greatep 
than exposu:t'e under norrral use conditions. 
Eye irritation studies indicate that higher 
concentrations UO-100'ZJ of AE produce 
vapYing degrees of revp.rsibl@ irritation 
but only transient irPitation at a 1% 
concentration. 

Acute Toxicity - Oral. Oral LOsO values in rats for a series of 

undiluted n-pri-AE with varying EO chain length. ranged from 870 
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mg/kg for C14_1SAEll to 10,000 mg/kg for C12_1SAE3 (Shell Chemical Co" I 
unpublished data). These values are consistent with data cited in the I 
1977 Report. and reflect the trend of increasing oral toxicity with in

crements in the length of the ethoxylate chain. 1 

Acute Toxicity - Dermal. The dermal lOSO values in rabbits for a :J 
series of undiluted n-pri-AE (C9_llAE2.5' C9_11 AE6, C12 _1SAE), C l4_1SAE), '.], . 
C14_1SAEll' C14_1SAE13) ranged from 2300 to greater than 5000 mg/kg 

(Shell Chemical Co .• unpublished data). Similarly, application of un ] 
diluted n-pr;~C12_15AE3 to rat skin resulted in a dermal LO SO value of 

greater than 2000 mg/kg (Shell Chemical Co" unpublished data), :] 

IAcute Irritation - Ocular. Eye irritation studies in rabbits 

with several undiluted n-pri-AE samples (C9_llAE2.S' CI2_1SAE), I 
_1SAE), C14_1SAEll' C14_l5AE13) produced maximum average scoresC14

ranging from 18 (moderate) to 43.5 (severe) of a possible 110 points. :1 
An identical experiment with the same surfactants in which the eye 

:Jwas washed with 300 ml of tap water 30 seconds post-treatment pro

duced maximum average scores of 12 to 31 points, generally within , I 
· I 

one hour of treatment (Shell Chemical Co .• unpublished data). Several 

undiluted linear pri-AE (C9_11 AE 6, C12_1SAE3' C14_1SAEI3) were mild 

to severe eye irritants in rabbits according to the Draize criteria. i 
I 

These samples were non-irritating at 1% concentrations (Shell Chemical · , 

Co., unpublished data), I 
· I 

172 Arthur DLittle, Inc I 



Acute Irritation - Skin. Acute skin irritation studies in rabbits 

with undiluted n-pri-AE, occluded for 24 hr, resulted in primary irri

tation scores ranging from 3.59 to 7.75 of a possible 8 points. The 

materials examined included: C9_llAE2.5 (extreme irritation, necrosis), 

C12_1SAE7 (severe), C14_1SAE7 (severe), C14_1SAE1l (moderate) and C141S 
AE\3 (rooderate) (Shell Chemical Co., unpublished data). These reactions, 

however, occurred at concentrations considerably greater than exposure 

under actual use conditions. 

Subacute Skin Irritation and Sensitization. Slight or no irritation 

was noted following three 6 hourapplications of 10% aqueous solutions 

of n-pri-C14_15AE13 or n-pri-C9_l1 AE6 to occluded, intact rabbit skin. 

Identical treatment with undiluted samples of these two surfactants 

resulted in mild skin irritancy and severe necrosis, respectively (Shell 

Chemical Co., unpublished data). 

In another experiment, application of 10% aqueous solutions of 

n-pri-C9_11 AE6 or n-pri-C14_1SAE13 dai1~, five days per week, for 

4 1/2 weeks to the skin of guinea pigs and rabbits (unoccluded) produced 

minimal to mild irritancy; no irritation was noted with 1% concentra

tions (Shell Chemical Co., unpublished data). 

Applications of patches containing 0.1% n-pri-Cl2_1SAE7' n-pri

C14_1SAE7' n-pri-C14_1SAE11 or n-pri-C14_1SAE13 to guinea pig skin 

on days g, (initial treatment), 16, 23 and 37 of a 42 day study were 
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non-sensitizing. Similar results were also noted with 1% n-pri-C9_11AE2.5 

and n-pri-C _"AE (Shell Chemical Co .• unpublished data).g 6 

Topical induction with 50% n-pri-Cl2_l5AE3 and subsequent challenge 

by topical application with a 25% concentration of the surfactant re

sulted in a very weak skin sensitizing reaction in guinea pigs; i.e., 

1 out of 20 test animals showed a trace response which persisted for 48 

hours after patch removal (Shell Chemical Co" unpublished data). 

Similar tests in guinea pigs with n-pri-C14_1SAE13 or n-pri-C9_11 AE6 

following topical (5%) or intradermal (0.05%) induction and subsequent 

topical challenge with 2.5% concentrations produced negative sensitization 

responses (She" Chemical Co .• unpublished data). 

Chronic Toxicity - Oral. Dietary studies with two AE surfactants 

have been completed since the 1977 Report. Sprague-Dawley rats were fed 

0.0.1, 0.5 or 1% C12_l3AE6.5 in the diet for 104 weeks (Procter and Gam

ble Company, unpublished data). Dose-related body weight depression was 

observed for females in the upper two treatment levels and for males at 

the 1% level. Food consumption, however, was also reduced in these groups 

and was attributed to the poor palatability of the diet. At termination 

of the study, elevated organ-to-body weight ratios were noted for the 

following organs: liver, kidney and brain - 0.5 and 1% females; liver 

1% males; heart - 1% females. 

The only pathology finding of note was focal myocarditis, which in 

males, increased in frequency as the dose increased. Incidence data at 
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24 months is presented below: 

Dietary Level Percent Incidence of Focal Nyocarditis 
,d 

0% 24 19 

0.1% 20 0 

0.5% 44 22 

1.0% 58 27 

Focal myocarditis is a common spontaneous type of lesion found in 

relatively high frequency in aging populations of rats, and the incidence 

noted in the 0.5% and 1% male treated groups are comparable to reported 

background incidences of focal myocarditis in rats of this age while the 

control animals exhibited an unusually low incidence. (Altman and Katz. 

1979; Simms, 1967). No other significant treatment-related histopathology 

was found and no significant increase in tumor incidence was observed 

(Procter and Gamble Company, unpublished data). 

A second feeding study was conducted with Charles River CD-rats 

fed 0,0.1,0.5 or 1.0% C14_15AE7 in the diet for two years (Procter and 

Gamble Company, unpublished data). As in the above study. the signifi

cant finding was a reduced body weight gain at doses of 0.5% (females) 

and 1% (both sexes) which was attributed to diet palatibil ity. No effects 

were noted in behavior, appearance, survival, or in hematological and 

biochem1cal parameters. Decreased absolute organ weights for liver, kid

ney, heart and thyroid/parathyroid glands were recorded for the 1% female 
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I 
group and for brain and adrenals for the 1% treated males. Focal myocardi

tis was also prevalent in all groups of rats in this study. The incidence I 
rates at 12 and 24 months are presented below: 

I 
Dietary
 
Level Incidence of Focal Myocarditis (Ave. Severi ty Score)
 ,I 

12 mo. 24 mo. 
d , , , I 

0.0% 10/15 67%{2.7) 4/14 29%(2.2) 9/10 90%(3.4) 3/10 30%(3.iJT 

I0.1% 12/15 80%(2.0) 10/14 71%(2.1) 8/9 89%(3.1) 8/10 80%(2.8) I 
0.5% 15/15 100%(2.8) 15/15 100%(2.8) 10/10 100%(2.9) 5/10 50%(2.4) 

1.0% 14/14 100%(3.0) 10/15 67%(2.0) 8/10 80%(3.3) 3/10 30%(2.3) :I 
JAlthough the gross incidences of focal myocarditis of all levels of 

severity increase with increased dose of AE at 12 months. when the severity I 
of the lesions are taken into account, no treatment related effect is
 

evident. The large incidence (90%) noted in male controls at 24 months may )
 
be attributable to the small number of rats remaining in this group at termi
 j
nation. No additional significant histopathology was noted except for the 

usual types of lesions occurring in aging rat populations. ,I 

Chronic Toxicity - Dermal. Repeated dermal application of 0.1 ml of an . I 
aqueous solution of 0, 0.2, 1.0 or 5.0% C12_13AE6.5 to the backs of lCR 

Swiss mice three times per week for 18 months produced no remarkable findings. 

Although one skin papilloma and one squamous cell carcinoma were observed. 

each in one of 150 low dose {0.2%} females. the lack of any such lesions in 

the mid-dose and high-dose 9roUPS. along with an examination of the background . ] 

, ,i 
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incidence of spontaneous skin lesions in ICR Swiss mice, indicates that 

the effect was not related to the application of C12_l3AE6.S. A second 

skin papilloma (not at treatment site) was also noted in this group but 

was not considered treatment related (Procter and Gamble Company, unpub

lished data), 

Carcinogenicity. The chronic oral toxicity studies with rats described 

above give no indication of any carcinogenicity which could be ascribed to 

ingestion of up to one percent AE for two years. In addition, the percu

taneous application Of an aqueous solution containing up to five percent 

AE to Swiss ICR mice three times weekly for eighteen months did not result 

in any compound-related carcinogenic response either on the skin or system

ically (Procter and Gamble Company, unpublished data). 

Mutageni ci ty. 

In vit~ and host-mediated mutagenicity 
tests give no evidence t]uzt AE are muta
genic. 

No chromosomal aberrations were induced in rat liver cells exposed in 

culture to n-pri~Cl2_l3AE3 at concentrations up to 10 ug/ml. Negative re

sults were also observed in Salmonella typhimurium (TA98. TA100. TA1535. TA1537. 

TA1538 strains; 2000 ug/plate). Escherichia coli (WP2. WP2uvrA strains; 2000 

ug/plate) and Saccharomyces cerevisiae (JDl; 5 mg/ml) with or without micro

somal activation (Shell Toxicology laboratory, unpublished data). 
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Teratogenicity/Reproduction Studies 

No indications of teratogenesis or adverse 
repra1.uctive effects wel"'e attributable to 
the oral administration of up to 0.5% AE 
in the diet of either rats or rabbits. 

Pharmacology-Absorption and Metabolism 

Metabolic studies with rats indicate 1'apid 
absorpticrn. and excretion of oraUy Ol'" topi
caUy administered AE. PoUowing omL 
admini8tration~ 54% of administered radio
activity was excreted in urine.. 26% in feces 
and 3% in expired air UJithin 72 hr. Derma.l 
appLication resulted in ezol"'etion of 29~ 8 a.nd 
11%, respectively.. over the same ti,ne period. 

In a series of studies with various AEs labelled either at the hydroxyl

bearing carbon or the ~-carbon of the alkyl grouP. Orotman (1980) noted that 

rats dosed orally with either C12AE6, C13AE6 or C14AE7 (labelled in either 

moiety) readily absorbed >75% of the dose. The major portion of the radio

activity appeared in urine (52-55%) with smaller amounts in feces (23-27%) 

and expired air (2-3%) by 72 hours. Variations in the length of the alkyl 

chain or the ethoxy1ate chain produced the same pattern of disposition when 

the l4C_1abel was at the hydroxyl-bearing carbon; however, when the label 

was in the ~-position of the alkyl chain. increasing the alkyl chain length 

from C12 to C15 gave rise to more CO2 (up to ~50%) and less urinary and fecal 

elimination than with shorter alkyl chains. Similar results were obtained 

with cutaneously dosed materials. although absorption was somewhat slower by 

this route (~50% at 72 hours). 
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B. Human Studies 

The use of certain AE as analgesics and 
anesthetics in hwnzn therapy has revealed 
no mtowar'd reaations~ even follmJing ex
pOSlil'es of several months duration at 
doses many times those expected from en
vironmental sources. Slight skin irrita
tion is noted with repeated appliaation 
of highly conaentrated AE but no indica
tions of sensitization have been reported. 

Drotman (1980) reports that absorption, distribution and excretion 

of AE by humans closely patterns the disposition of AE in rats. Male 

volunteers (60-90Kg) ingested 50 mg 14C-labelled AE of varying alkyl 

chain length. The samples were labelled with l4C in either the hydroxyl

bearing carbon (C12A*E6; C13A*E6) or the a-carbon of the alkyl group (*C12AE6 ; 

*Cl3AE6). For all these compounds. most of the radioactivity generally 

appeared in the urine (63-80%), with smaller amounts in feces (3.8-6.9%) and 

expired CO2 (3-13%) by 144 hours. The addition of a single carbon to the al

kyl chain radiolabelled on the a.-carbon was observed to produce an increased 

excretion of CO2 (13 vs 3%) and a drop .:in urinary excretion (63 vs 75%). 

Thus, the distribution and excretion of the ethoxylate groups of the AEs 

were similar, but the metabolism of their alkyl chains was a function of 

chain length, with the longer chained compounds giving rise to more CO2 and 

less urinary elimination products than the shorter chained compounds. 

Following dermal application of 1 ml of 50:50 ethanol :water solution 

containing 100 mg Cl2*E6 to the outer part of the forearm of two male subjects 
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(protected by a nonocc1usive metal shield for 8 hr). most of the radio

activity was recovered at 144 hours by swabbing the skin with a1coho1 I 
soaked gauze (74 and 88%). Only 1-2% appeared in the urine and none was I 
found in feces or expired air by 144 hours (Drotman, 1980). 
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CHAPTER 4 

ALCOHOL ETHOXY SULFATES 

(AES) 
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ALCOHOL ETHOXV SULFATES
 

Synops ;s. , 

Alcohol ethaxy sulfates (AES) are primarily used as components af 

light duty liquid dishwashing products, shampoos and other household 

specialty products. A total of 128 million pounds were produced in the 

United States in 1978. 

There are presently no national criteria for concentrations of AES in 

waters of the United States; concentrations af AES, as such, are not pres

ently monitored. The MBAS analytical procedure would measure AES if pres

ent, along with other anionic 5urfactants. but does not distinguish among 

them. The limited data available on the biodegradability of AES indicate 

that they are readily biodegraded under both aerobic and anaerobic condi

tions in the field as well as in laboratory tests. Neither the length of 

the alkyl chain nor the length of the ethoxylate portion of the molecule 

(in the range normally used in detergent formulations) appears to influence 

the rate of biodegradation. 

AES are acutely toxic to aquatic fauna. with LC SO values in the 1 to 

4S0 mg/L range; sublethal effects have been noted at a concentration of 0.22 

mg/L. Toxicity appears to increase with increasing alkyl chain length to a 

maximum at C16 beyond which toxicity decreases. Toxicity also appears to de

crease with increases in EO chain length for AES with alkyl chains of less 

than C16 . 
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A low order of acute and chronic toxicity is noted in experimental 
I 

animals exposed to AES. Oral L050 values in the rat range from 1700 to J 

>5000 mg/kg. Ocular and skin irritation studies indicate exposures to 

concentrations of 1% AES or less produce minimal to slight irritation; ·1 

more intense reactions are noted with higher concentrations. Ingestion I 
of 0.5% AES in the diet for? years produced no deleterious effects in rats, , 1 
and there is no evidence of carcinogenic. teratogenic or mutagenic effects • J 

associated with ,AES exposure. Recently. trace levels of 1,4-dioxane. an 'I·animal carcinogen l have been detected in AES concentrates. Since there , 
are no data which indicate that commercial AES are mutagenic, teratogenic ] 
or carcinogenic, and in that substantial dilutions of these concentrates 

are made during formulation of commercial products. and 

time of use l consumers do not appear to be at risk from 

products. 
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NOMENCLATURE AND ABBREVIATIONS 

Throughout this chapter the designation. AES, has been used to indicate 

alcohol ethoxy sulfates. The number of carbon atoms ;n the alkyl chain is 

numerically designated with a subscript. Mixtures of various alkyl chain 

lengths are indicated by a numerical range and, if available, the ratio of 

each carbon chain length is·given in parentheses immediately thereafter. 

The degree of ethylene oxide polymerization is given by a subscript 

which indicates either the average number of ethylene oxide units, if 

the designation ;s a single number, or a range. For example: 

n-NaC12_ (40:60) AE 3S - the linear, sodium salt of14 
alcohol ethoxy sulfate consisting of 40% C12 and 60% C14 
and possessing an average of three ethylene oxide units. 

Occasionally, the abbreviation TES has been used to indicate tallow 

alcohol ethoxy sulfates which are derived from natural alcohols and usually 

contain 16-18 carbon units. 

All concentrations of AES surfactants named in this chapter are 

expressed as lI active" unless otherwise specified. 

In Section III, the phrase "complete biodegradation" refers to 

comp1ete primary biodegradation. The complete conversion of a surfactant 

to carbon dioxide, water and other inorganic compounds is referred to as 

ultimate biodegradation. 

:7 Arthur 0 Little Inc 
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I 
]ALCOHOL ETHOXY SULFATES 

I. INTRODUCTION I 
,AZcohol ethoxy sulfates (AES) are princi

paZZy used as components in Zight duty Ziquid 
dishwashing rroducts 3 shampoos and other 
household specialty products. CommercialZY3 ·j 
AES are produced by ethoXlJZation of a fatty 
aZcohol, followed by suZfation with suZfur 
trioxide or chlorosulfonic acid and finally, , I neutralization to form either the sodium 01'
 

ammonium salt. Some formulated AES also
 
contain ethanol. A total of 220 million
 
pounds of anionia sulfated ethers J lO6 nrZ l 

lion pounds of which were AE8, were produced ]
 
in 1.973.
 

The most recent u.s. International Trade Commission figures (1979) indi 1 
cate a total of 285 million pounds of anionic sulfated ethers were produced 

in 1978, of which approximately 128 million pounds were AES. an increase of ·I 
22 minion pounds over a five year period. :] 

, J 

· I 

] 

:1· 

I
 
·i
 
I
 
I· ~ 
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,1 
II. ENVIRONMENTAL LEVELS 

]
A. Analytical Methods 

.I 
AZcohol ethoxy sulfates are one of several 
entities classified as anionic surfaatants, ·1and as such can be detected with many of , , 

the procedures utilized in the detection of 
LAS (See Chapter 1). The MBAS analytical 
procedure measures AES aZong with other :1anionic surfactants but does not distinguish 
among them. 

] 
Wickbold (1976) has developed a chromotographic method utilizin9 ] 

a macroporou5 anion exchange which separates an aqueous AES solution into 

various components (ether sulfate, alcohol ethoxylate, polyglycol sulfate. ) 
sodium sulfate. sodium chloride). The procedure involves passing an ethan

olic surfactant solution through a strong acid cation exchanger and a macro- I 
porous weakly basic anion exchanger. The nanionic components are contained 

,I in the eluent. Fractional elution of the anion exchanger first with aqueous 

ammonium hydrogen carbonate solution. then with an isopropanol~aqueous ammon :J 
ium hydrogen carbonate mixture selectively releases (1) inorganic chloride, 

inorganic sulfate and polyglycol sulfate, and (2) AES, respectively. This ,. 
i 
J 

eluate is evaporated to dryness, converted into sodium salts and weighed. 
I

The procedure is suitable for the investigation of AES with EO chain lengths " 

up to 4 units/mole (i.e., AES in the commercial range). Above this length, I , 
the hydrophilic nature of the surfactant is such that it is eluted completely, 

, 

ior in part, along with polyglycol sulfate and the inorganic components. J 
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II. ENVIRONMENTAL LEVELS I
 

.\
 
A. Analytical Methods 

1 
Alcohol ethoxy sulfates are one of several 
entities classified as anionic BurfactantB~ 
and as such can be detected with many of 1 
the procedures utilized in the detection of 
LAS (See Chapter 1). The MBAS analytical 
procedure measures AES along with other : 1 anionic Burfactants but does not distinguish 
among them. 

:I 
Wickbold (1976) has developed a chromotographic method utilizin9 :I 

a macroporou5 anion exchange which separates an aqueous AES solution into 

various components (ether sulfate. alcohol ethoxylate. polyglycol sulfate. I 
sodium sulfate, sodium chloride). The procedure involves passing an ethan

olic surfactant solution through a strong acid cation exchanger and a macro- j 
porous weakly basic anion exchanger. The nanionic components are contained 

Iin the eluent. Fractional elution of the ariion exchanger first with aqueous 

ammonium hydrogen carbonate solution, then with an isopropanol-aqueous ammon :] 
ium hydrogen carbonate mixture selectively releases (1) inorganic chloride, 

inorganic sulfate and polyglycol sulfate, and (2) AES, respectively. This :I 
eluate is evaporated to dryness, converted into sodium salts and weighed. 

JThe procedure is suitable for the investigation of AES with EO chain lengths 

up to 4 units/mole (i.e., AES in the commercial range). Above this length, ,I
the hydrophilic nature of the surfactant is such that it is eluted completely. 

or in part, along with polyglycol sulfate and the inorganic components. 

I,
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B. Water Quality Standards 

There aJ"e presently no standards in the 
United States 01' Europe specifically re
restricting concentrations of alcohol 
ethory sulfates. These anionic surfac
tants are incl~ded among those measured 
in the environment using the MBAS method. 
The criteria applying to MBAS levels 
lUe!'e discussed in Chapter 1 . 

C. AES in Natural Water Bodies 

AES are not p!'esently being monitored~ as 
such~ in the United States 01' Europe. 
MBAS measurements in water bodies include 
AES surfactants as well as other anionics. 
Levels of anionic surfactants detected in 
natural water bodies were discussed in 
Chapte" 1 . 

Arthur 0 Little Inc:
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III. BIODEGRADATION 

The limited infoPmation available on the 
biodegradability of AES indicates that 
they are readi ly biodegraded under both 
aerobic and anaerobic conditions in the 
field as well as in laborato~ tests. 

A. Laboratory Investigations 

AES ~ substantially biodegraded as 
detenmined by BOD (35-68% at 5 days) 
and eva lved C02 data (71 -100%) . Nei the)" 
the length of the alkyl chain nor the 
length of the ethoxylate portion of the 
molecule 3 at least in the range normally 
used in detergent formulations (i.e. 2 to 
4 EO units/mole), appears to significantly 
influence the rate of biodegradation. 

Utilizing an activated sludge inoculum, Miura et ~.• (1979) found 

that 100 mg/L C12AES disappeared completely (MBAS) in less than 5 days, 

while TOC removal and BOD/TOO values were between 50-70% Of theoretical at 

5-10 days. 

In another study, Itoh et~. (1979) examined the biodegradability 

(evolved CO2 production) of 20 mg/L of coconut alcohol-derived AE3S, oxo

alcohol (C12-15 ) AE3S and sec-alcohol (C 12-15) AE3S. All 3 surfactants 

evolved approximately 40-50% of the theoretical CO2 by 5-10 days. Primary 

biodegradation was complete (100% MBAS) by 10 days. 

Arthur D uttlelnc
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I 
1 

B. Field Studies 1 

Fourteen homes with either septic tank or 1 
aerobic cavitette sewage treatment 
systems which exclusively utilized house
hold detergent products containing 10-13% :1 
AE3S·for one year averaged 46-66% surfact
an':'" removal rae MBASJ. Another field study 
cited in the 1977 Report indicated complete ')
removal of AES during passage thI'ough 
Japanese seWage treatment plants. 

]
 

,I
 

'] 

:I 
J 
] 

:J 
.j 
. 

I 
J 

I
- , 
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IV. ENVIRONMENTAL SAFETY 

fish (Lepomis m::zcrochiru.s). The majority ·]
of LCso values, however) were be~en 1 and , 
10 mg/L. Toxicity appeared to inc1'ease 
with increasing aZkyZ chain Zength to a 
maximtQ1l at C IG , beyond which toxicity de :I 
creased. ConvdrseZYJ AES compoundS with 
alkyl chaine of Zess than 16 carbons had 
decreasing toxicity with each increment in :j the ethoxyZate chain f~m 2 to 6 EO units. 
Longer-chain AES compounds (>C 16 ) increased 
in toxic:i1;y as the ethoxyZate chain was 
Zengthened from 2 to 6. I 

'j 
More recent data on the toxicity of AES to fish are summarized in 

Table 4-A; included are two studies which reported sublethal effects in , ] 
, . 

the fathead minnow and the bluegill. The lowest level at which sublethal • 
toxicosis was observed was 0.22 mg/L C13.7AE2.25S, which caused growth u 
inhibition in the fathead minnow during a one-year chronic exposure test. 

A NOEC of 0.1 mg{L was established for this species (Maki, 1979a). In :I 
0.39 mg/L C16AE3S. the ventilation rate of bluegills increased significantly 

I 
during 48 hours of exposure. The NOEC for ventilation rate was between 0.24 

and 0.39 mg/L of exposure (Maki. 1979b). In a comparison of sensitivities I 
of fry and juvenile life stages of fathead minnow. no significant differences 

in measured LC50 values were observed after 4, 7. 14. 28 or 45 days I continu- I 
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TAOLE 4-A. TOXICITY OF ALKYL ETHOXY SULFATES TO FISH 

Species Surfactant 
[Trade Name) 

Concentration 
(mg/L!gSiCIT 

Effects 
!xperirnen tal 

Conditions Reference 

Fathead minnow 
(Pimephales promelas) 

C13.7AE2.2S5 0.22 
0.1 

Growth inhib. 
NOEC 

1 yr., f1ow-thru. 
)20 mg/L hard. pH 

21°. 
7.4 

Maid (1979a) 

Fathead minnow fry 
lPimephales-p~omelas} 

C14_16AE2.2SS 0.63 (0.45-0.88) LC
SO 

45 day. flow-thru Procter and 
GamblQ Co. (Un
published data) 

Fathead minnow juvenile 
(Pimepha1es promelas) 

ClIl.16AE2.2SS [L94 (0.61-1.98) LCSO 45 day, flow-thru 

5heepshead minnow * 
(Cyprfnodon varieqatus) 

C14_16AE2.2S5 0.39 {0.3-0.S3} LC SO 96 hr, static, 21°, 
pH "7.9, saiinitY300ro 

~ 

'" '" 

Bluegill sunfish 
(Lepomis macrochirus) 

Brown trout 
(5alnlO trutta) 

C16AE 
3
5 

C12_1SAE35 

0.39 

1.0-2.5 

Incr. 
rate 

ventilation 

LC 
SO 

48 hr, flow-thru, 13°. 
120 mg/L hard., pH 7.4 

96 hr, rJow-tliru. 26
30 rng/L hardness 

Mak.i (1979b) 

Reiff et al. 
{)979)- 

8rown trout 
(Salnlo tru~ 

C12_1SA£35 1.5 LCSO 
(2S0 mg/L hard.) 

Golden orfe 
(Idus idus melanotus) 

C12__ 1SAE35 3.3-6.2 LC
SO (26B mg/L hard. J 

Golden orfe 
(Idus 'idus melanotus) 

Cl2_1SAE3S 5. , LC SO 
(48 hr, 1S0 mg/L hard.) 

HarlequIn fish 
(Rasbora heteromorpha) 

C12_1SAE35 3.9 LC 
SO 

(96 hr, 20 mg/L hard.) 

Rainbow traut 
(5almo gairdner1) 

Cl2_1SAE35 
(Dobanol 25-35/27) 

O.g (7.3-10.3) LC
SO 

96 hr, static, 15° 
260 nlg/L hard., pH 
8.2-8.6 

Shell ChQmical Co. 
(unpubli$hed data) 

C12 _1:fEZ5 

(Oobanol 23-25(28) 

28 (23-35) LC
SO 

?l 
:T 

" ~ 

0 
c: 
~ 

~ 

i' 

Japanese k.11l ifish 
(Oryzlas latipe'i) 

C9_IOAE2.SS 
(Opb/lnol 91~2.SS) 

AES 

400-450 

70 

LC 
SO 

LC SD 
48 hr Tomiyanla (1974) 

~ 

" • Marine species 



ous flow exposure to C14_16AE2.2SS. The 45 day LCSO values for fry and 

juveniles were 0.63 (9S%CL: 0.45-0.88) m9/L and 0.94 (9S%CL:0.61-1.98) I, 
mg/L, respectively. In addition. no significant effects on length and 

weight of either life stage were noted (Procter and Gamble Company, I 
unpubl ished data). 

I 
Acute toxicity levels as measured by lC SO values, ranged between 1 and I 

4S0 m9/L in the data surveyed. The lowest reported LC SO value (0.63 m9/L) 

was for fathead minnow fry exposed to C14_1.6AE2-.2SS in a 45-day continuous '[ 
flow toxicity test (Procter and Gamble Co .• unpublished data). The data 

of Shell Chemical Company (unpublished) support the findin9 of the 1977 I 
Report that toxicity increases with increasing alkyl chain length. In toxi

1 
city tests with rainbow trout, the 96-hour lCSO value decreased from 400-450 

m9/L for C9_10AE2.SS to 8.9 m9/L for C12_1SAE3S. ! 
J2. Invertebrates 

I 
The 1977 Report Bu:PVeyed thE Zitemt'UI'e
 
on AES toxicity to aquatic invertebrates"
 
reporting 24-hour LCso vaZues ranging
 :Jfrom 5 to 3? mg/£~ for Daphnia magna.
 
The sodiwn salt of C12_14AE3S was found
 , I to be slightly lesa toxic than the am
moniwn salt of the scune compound. The , J 
only other apeaies for which an acute 
toxicity value :uas found was mosquito 
larvae (Aedea aegyptiJ, with a 24-hour ,I 
Leso of 11 mg/L. 

I 
Further information on aquatic invertebrate toxicity was provided in 

• I 
a chronic toxicity test with Daphnia magna (Maki, 1979a). The21-day EC SO . I 
for inhibition of reproduction (with respect to total young produced) was 

j 
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0.37 mg/L C13.67AE2.2SS in continuous-flow conditions and 120 mg/L CaC03 
water hardness. The 96-hr and 21-day LeSO values for the same surfactant 

were 1.17 mg/L and 0.74 mg/L, respectively. A chronic NOEC of 0.27 mg/L 

was established for this species. 

ln a test with Daphnia, Lundahl and Cabridenc (1976) found that the 

tOXicity of C12aveAES (lauryl ether sulfate) decreased steadily with time 

as a result of biodegradation. After 30 hours in static conditions. the 

solution was virtually non-toxic. No toxicity values were reported. 

Pink shrimp (Penaeus duorarum) have also been tested for their suscep

tibility to AES. The 96 hr LCSO for C14_1SAE2.2SS was 350 (9S%CL: 220

590) mg/L; the no observed effect level for this acute exposure was less 

than 12D mg/L C14_16AE2.2SS (Procter and Gamble Co., unpublished data). 

B. Toxicity of AES to Algae and Mic'roorganisms 

Three AES compounds were found to have in
hibitory effects on the growth of E. coli 
in culture plates. The lowest conCentra
tions of C12AE3S~ C12AE3S (Ziegler-dePived)3 
and C12-1liAEz. 28 (natW"al alcohol-derived) 
which prohibited the development of more 
than 5 colonies per plate (over 5 days at 
37°) were 18~ 4~ and 2 g/L~ respectively. 
~c (minimum algistatic concentrations 
for a 5-day exposure) values were reported 
for 3 species of algae~ and ranged between 
>10 mg/L and <1000 mg/L AES. 

No information on AES toxicity to bacteria was found in this survey~ 

although two studies on aquatic flora were reviewed. Kutt,and Martin (1974) 

201 Arthur D llttle.lnc 



I 
exposed a red tide dinoflagellate (Gymnodinium breve) to various concen I 
trations of a coconut-alcohol-derived ethoxy sulfate for 48 hours. A COn

centration of 2.5 ~g/L caused 87% mortality, 12.5 ~g/L resulted in 63% mor ] 
tality, and only 44% perished in 50 ~g/L. No explanation was offered for 

I
the abnormal inverse relationship between toxicity and surfactant con

centration. I 

, I 
In a toxicity test with the alga, Laminaria_ saccharina l Pybus (1973)
 

. -5 4

used concentrations between 5 x 10 mg/L and 5 x 10 mg/L of a detergent ,I 
containing sodium lauryl ether sulfate, sodium dodecyl benzene sulfonate. , 

and lauric diethanolamide. In 50 mg/L, zoospores of 1.. saccharina were in ] 
hibited from swimming in 7 minutes, and in 500 mg/L, swimming ceased in 15 

seconds. A concentration of 0.1 mg/L prevented the zoospores from settling. ,1 
(an action which normally precedes development into sporophytes). The author 

,j hypothesized that the detergent mixture attacked the proteinaceous flagella 

on the zoospores; this would account for the loss of mobility. -j 

,I 

, J 

, i 

I 
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V. HUMAN SAFETY 

I 
AES eXhibit a low order of acute and chronic 
toxiait;y in experimental anitrtzZs. Oral LD I50values range from 1700 to >5000 mg/kg in
 
the rat. Dermal LDso values reported in
 
rabbit-s r'ange from 4700 to 12,900 mg/kg.
 I
Ingestion of 0.5% AES in the diet for 2 
years produced ;10 deleterious effects in 
rats. OcuZar and skin irritation studies ,1 
in rabbits indicate care should be exercised 
against direct eye contact or excessive der
nrJ."l exposure to concenh'ations of AES greater 
than 1-2%. :1 

]
A. Animal Studies 

:J 
Acute Irritation - Ocular. Instillation of 0.1 rnl of 2, 10 or 20% 

aqueous sol uti ons of C'2aveAES into rabbi ts' eyes produced minima 1 eye I 
irritation. Irritancy scores were similar in magnitude for all three 

test concentrations (S 15 of a possible 110 points) with no signs of ,I 
irritation evident by 72 hr, (Ciuchta and Dodd, 1978). 

.1 

Undiluted n-pri-C12_13AE2S produced severe eye irritation in rabbits; :J 
moderate eye irritancy was noted with a 10% aqueous solution of this 

]
surfactant. while a 1% concentration was practically non-irritating. No 

irritation was seen with a 0.1% solution (Shell Research Limited. un j 
published data). 

I 
, I 

I 

] 
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Acute Irritation - Gastrointestinal. Ciuchta and Dodd (1978) also 

examined the gastrointestinal irritation induced by the above surfactant in 

a mouse writhing test. Mice were injected intraperitoneally with 0.2 ml of 

various concentrations of an aqueous solution of C12aveAES and observed 

until a positive response was elicited. A concentration of 0.23% (0.15

0.36%) was calculated to produce writhing in 50% of the animals. 

Acute Irritation - Skin. Occluded, 24-hr exposure of rabbits to 2. 

10, or 20% aqueous solutions of C12aveAES produced minimal to no skin 

irritation. No graded response was seen; primary skin irritation scores 

were ~l (of a possible 8 points) for all three test concentrations (Ciuchta 

and Dodd, 1978). 

A sin91e 24-hr occluded application of undiluted n-pri-NH4C12_1SAE3S 

(Doban01 2S_3A/60™) or n-pri-NaC12_1SAE3S (Dobanol 2S-3S/27™) to rabbit 

skin resulted in moderate or mild skin irritation, respectively. Tests were 

also undertaken to determine the acute skin handling hazards associated 

with the use of the surfactants ~ se and after they had been subjected to 

hypochlorite bleaching; no differences in skin irritancy were detected for 

these products in rabbits after a single 24-hr occluded application (Shell 

Research Limited. unpublished data). 

Morikawa et!l. (1978) tested the skin sensitizing potential of a 

series of AES surfactants in guinea pigs. All animals were induced by 

intradermal injection (8% aqueous solution) and topical application (20% 

aqueous solution, 48 hr, occluded) and challenged two weeks later by 

Arthur D Little Inc: 
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topical application (8% aqueous solution). The surfactants tested 

included: Cll_15AE1S, C12AES, C12AE 1S, C12AE5S, _16AES, C12_16AE1S,C12 

C12_16AE3S, C12_16AE5S, C14AE1S, C14AE 3S C16AE3S. None induced skin 

sensitization in guinea pigs. In addition, Morikawa tested two samples 

of C12AE 3S sulfated ~ither with sulfur trioxide or chlorosulfonic acid. 

The chlorosulfonic acid preparation was not a skin sensitizer (0/10) in 

guinea pigs while 15/15 animals gave positive reactions with the sulfur 

trioxide preparation. Allergenic activity was found by chromatographic 

separation techniques to be concentrated in one fraction of the sulfur triox

ide preparation. This allergenic material was isolated and identified as 1

dodecene-l, 3-sultone, formed as a by-product during industrial synthesis. 

Subacute Skin Irritation and Sensitization. Cumulative. open-

patch test application of 0.1 ml of a 2% aqueous solution of C12 _13 (52:48) 

AE 3S (99.8% pure) to the shaved backs of guinea pigs twice daily for a 

total of nine treatments resulted in slight to moderate skin irritation. 

A skin irritation score of 1.25 of a possible 4 points was recorded 

(lmokawa, 1979). 

Three 6 hr occluded skin applications of 10% aqueous dilutions of 

n-pri-NH4C12_15AE3S, n-pri-NaC12_15AE3S, or n-pri-C12_13AE2S pro

duced moderate to severe skin irritation in rabbits. However, only 

slight irritation was noted with 1% concentrations and minimal to no 

irritation at concentrations of 0.1% (Shell Research Limited. unpublished 

data). 
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In another experiment, application of a 10% aqueous·solut10n of 

n-pri-Cl2_13AE2S daily, five days per week. for 4 1/2 weeks to the skin of 

guinea pigs and rabbits (unoccluded) produced severe skin irritation; no 

irritation was noted with either 1% or 0.1% concentrations (Shell Research 

Limited, unpublished data). 

Intradermal and topical induction of guinea pigs with hypochlorite 

bleached and unbleached samples of n-pri-NH4C12_1SAE3S, n-pri-NaC12_1SAE3S, 

or n-pri-C12_13AE2S followed by topical challenge produced no skin sensiti

zation (Shell Research Limited. unpublished data). Similar skin sensitiza

tion studies with 12 separate batches of n-pri-C12_1SAE3S also resulted in 

no skin sensitization in guinea pigs (Shell Toxicology Laboratory, unpub

lished data). 

Carcinogenicity. 

No indications of increased tumo~ incidence 
were noted in two feeding studies with ~ats 
given O.5~ AES in the diet o~ O.l~ AES in 
drinking water for 2 years. Skin-painting 
studies in mice with 5% C12AE3S o~ with a 
10% TES/LAS mixture for 2 yea~s did not 
induce a carcinogenic ~esponse. 

No additional studies have examined the carcinogenic potential of AES 

surfactants. Recently. trace levels of 1.4-dioxane, an animal carcinogen, 

have been reported to be present in formulated AES products (Shell Oil Co .• 

1979; Sherex Chemical Co., 1980). This material is a by-product formed 

during conversion of alcohol ethoxy1ates to alcohol ethoxy sulfates. 
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High concentrations of l,4-dioxane (5000 or 10,000 ppm) added to the 

drinking water of rats and mice for two years have been reported to produce 
I 

liver and nasal carcinoma (NCI, 1978; Kociba et~., 1974). At 0.1%
 

(1000 ppm), some renal and hepatic degenerative changes were noted in rats I
 
(mice were not tested below 5000 ppm) and rats given 0.01% (100 ppm)
 

l,4-dioxane "in drinking water for two years exhibited no toxic effects or I
 
elevated incidence of tumors (Kociba et ~., 1974).
 I 

Concentrated sodium and ammonium salts of AES have been found to ] 
generally contain between 250 and 600 ppm 1,4-dioxane (Shell Oil Co., 1980). 

The actual concentration of 1,4-dioxane in formulated household dishwashing I 

products would appear to be so low as to pose no substantial risk to users; 
, I 

<1 to 45 ppb assuming an ~2000-fo1d consumer dilution of a commercial formu· 

lation containing 15% AES concentrate. Shampoos present a different pic J 
ture since the product is at least momentarily handled undiluted just prior 

]to lathering the hair. l,4-0ioxane values of 100 ppm or less can be calcu

lated for such exposures. However, this kind of exposure ;s very short, j 
and any 1.4-dioxane will be greatly diluted and removed with water after a 

few minutes. The negative results reported for AES surfactants in both U 
oral and dermal carcinogenicity tests, in addition to negative mutagenicity 

and teratogenicity findings. indicate that use of commercial AES products .1 

should not present a hazard to consumers. ] 

I
 

I
 
I
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Recent air monitoring to measure worker exposure to 1.4-dioxane indi

cated that atmospheric levels of no more than 0.1 ppm on an 8 hr time 

weighted average (TWA) basis. with most analyses indicating less than 0.1 

ppm. were present in the workplace atmosphere. even during open drumming 

procedures (Shell on Company. 1980; Conoco Chemicals, 1980). Point source 

monitoring of some key equipment areas indicated less than 1 ppm 1,4-dioxane 

in all instances (Conoco Chemicals, 1980). These values are all far below 

the current OSHA Standard of 100 ppm (TWA) and the ACGIH TLV of 50 ppm (TWA) 

for 1,4-dioxane. Young et ll. (1977) have shown that human volunteers ex

posed to 50 ppm 1.4-dioxane in air for 8 hours were able to completely 

metabolize (99.3% of total dose) or excrete (0.7% of total dose) unchanged 

this amount in the urine. and conc1uded that 1.4-dioxane would not accumu

late in the body upon repeated exposure to levels of 50 ppm or less. 

Mutagenicity. 

No indiaations of mutageniaity were noted in a 
dominant ZethaZ study 01". in vivo 01" in vitro 
cytogenetic studies with a 55% AES:45% LAS 
mi:ctu:re . 

Recent in vivo and in vitro cytogenetic studies indicate that AES alone 

are not mutagenic. Hope (1977) reported that the incorporation of C _ AE512 15
into the diet of rats at a maximum tolerated dose (1.13% active ingredient) 

for 90 days had no effect on the chromosomes of rat bone marrow cells. 
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\ 
No morphological cell transformations were observed in Syrian golden 

hamster embryo cells exposed in culture to concentrations up to 50 mg/ml 1 
C12_13AE2.5S(53:43) (Inoue et ~., 1980). .I 

Exposure in culture to n-pri-C12_l5AE3S also did not increase the in I 
cidence of mutations" in the bacteria~ Salmonella typhimurium (strains TA 98. 

TA 100, TA 1535, TA 1537 or TA 1538; 2000 u9/p1ate) and Escherichia coli 1 
(WP2 and WP2 uvrA; 500 ~g/plate)J and did not induce mitotic gene conversion 

in the yeast~ SaccharomYces cerevisiae JD1, (5 mg/ml) with or without liver :1 
microsomal activation. The frequency of chromatid and chromosome aberrations :] 
in rat liver cells exposed in culture to 100 ~g/ml of surfactant for" 24 hours 

did not differ significantly from that of control cultures (Shell Research :I 
Limited, unpublished data). 

:I 
Teratogenesis/Reproduction Studies. :I 

No data are available on the teratogenic :I effects of AES administered alone. Ora!
 
administration of a commercia! mixture of
 

, ]AES and LAS, however" gcwe 110 indications
 
of any embryotoxic or teratogenic effects
 
in mice" rats or rabbits. In addition"
 
no adverse effects on ferti!ity" !aota

tion, titter size" survival or growth of
 ·]off-spring were seen in rats fed diets
 
containing 0.1 % C12AEgS for Wo generations. · ,
 

.1 
· , 

1 

I 

·I 
, 
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Pharmacology - Absorption and Excretion. 

Orally administered Lll+C]-C16AE3S ws 
readily absorbed by rats and men and e:r:
ore#ed pPinaipally in urine with lesser 
amounts found in feoes and expired air. 
The m:zjor metabolite in urine was identi
fied as 2-(tPiethoxy sulfate) acetic acid. 

Taylor et~. (l978) studied the metabolic fate of orally, intraperi 

toneally or intravenously administered [1_14CJ-CllAE3S or [1_14CJ-C12AE3S 

in the l"at. Both compounds wel"e extensively metabol ized CIl, a-oxidation} 

with the proportion of l"adioactivity appeal"ing in ul"ine and respil"ed ail" 

generally independent of the route of administration. Some sex diffel"ences 

in the pl"oportions of radioactivity excreted in urine and respil"ed air were 

seen but total recoveries for Cll AE 3S and Cl~E3S were comparable. The 

majority of radioactivity was excreted in ul"ine but expil"ed air was a sig

nificant l"oute of elimination for the Cll del"ivative. By the oral-l"oute, 

67% of the administel"ed radioactivity with Cl1 AE3S appeared in urine of male 

l"ats compared to 45% in females; expired air contained 19% and 35% of ad

ministel"ed l"adioactivity, respectively; 4-5% was pl"esent in feces for both 

sexes. With C12 AE3S, only 2% of administel"ed radioactivity was eliminated 

in expired air, 8-11% in feces with 86% (females) to 95% (males) excreted 

in urine. The major urinary metabolite of C12AE3S was identified as 2-(tri 

ethoxy sulfate} acetic acid; with Cll AE3S. the major urinary metabolite was 

tentatively identified as 3-(triethoxy sulfate) propionic acid. 
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B. Human Studies 

Instillation of 10-20% concentrations of a 
liquid formulation containing 9% AES into 
the eyes of human volunteers was nonirrita
ting. Patch tests ~th 10% AES produced 
no skin irritation~ while moderata irrita
tion was noted with a 25% concentration in 
a lO-day occlusive patch test. Clinical 
trials with more than 1500 batches of AES 
in ?O~ 000 women gave no evidence of aller
gic response. 
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CHAPTER 5 

Alkylphenol Ethoxylates 

(APE) 
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ALKYL PHENOL ETHOXYLATES
 

Synopsis 

Alkylphenol ethoxylates (APE) are one of several groups of chemical enti 

ties classified as nanionic 5urfactants. The practice of utilizing APE as com

ponents of domestic household products has been largely replaced by the use of 

more readily biodegraded nanionics. but APE still find considerable use in indus

trial and agricultural applications. As such, these 5urfactants find their way 

into the environment with the resulting possibility of human exposure. 

There are presently no national criteria for levels of APE in waters of 

the United States. Since in most instances. analytical methods do not distinguish 

between specific classes of nanionics and/or their degradation products, it is 

not possible to ascertain which type of surfactant contributes to levels of 

total nonionics in waterways. 

It is generally accepted that APE undergo primary biodegradation in a 

variety of test systems and field studies provided sufficient acclimation time 

is allowed. Laboratory studies indicate that significant primary biodegradation 

occurs within 3 to 10 days wfth straight-chain-derived APE and somewhat more 

slowly with branched compounds. The rate of ultimate biodegradability of APE, 

however, is slow in comparison to other classes of nonionic surfactants. 

With respect to the toxicity of APE to aquatic fauna. laboratory studies 

indicate fish are more sensitive to the toxic effects of APE than mollusks 

Arthur DLittle.lnc
217 



or crustaceans. Early growth stages of both vertebrate and invertebrate aquatic 

species appear to be more sensitive than adult members of the same species; higher 

temperatures also increase toxicity. Acute toxicity data indicate LCSO values 

are generally in the 4 to 12 mg/L range for fish and invertebrates. Sublethal 

effects such as erratic swimming, impaired locomotion, reduced burrowing, byssus 

and syphon activities have been reported in aquatic organisms at APE concentra

tions between 2 and 10 mg/L. 

In relation to human safety, animal studies show a low order of acute and 

chronic oral toxicity with most APE with the exception of APE in a narrow mole

cular weight range (APE1S-APE25 ); this latter 9roUP of compounds has been linked 

to an increased incidence of cardiotoxicity in dogs and guinea pigs, but not in 

rats following dietary exposures of relatively short intervals (5-14 days). 

Acute irritation studies indicate APE present no problem from accidental cutane

ous or ocular exposure. No indications of carcinogenic activity were noted in 

chronic feeding studies with APE; no information is available on the effects of 

APE with respect to mutagenicity, teratogenicity or reproductive performance. 

From currently available information, it appears that the use of APE does 

not pose a hazard to the environment or to human health. Some areas of uncer

tainly, however, such as findings of cardiotoxicity with certain APE, and the 

absence of mutagenicity and teratogenicity information, could be addressed by 

further investigation. 
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NOMENCLATURE AND ABBREVIATIONS
 

Throughout this Chapter, the designation of APE has been used to indi

cate alkylphenol ethoxylates. Specific alkyl chain length is numerically 

designated via a subscript and all alkyl chains should be assumed to be 

branched unless otherwise specified. 

The degree of ethylene oxide polymerization ;s indicated by a sub

script which indicates either the average number of ethylene oxide units. 

if the designation is a single number, or a range. Thus: 

CgAPEg.5 - nonylphenol ethoxylate (average 9.5 ethylene oxide units) 

CSAPES_ octylphenol ethoxylate (S-12 ethylene oxide units).12 
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ALKYL PHENOL ETHOXYLATES 

1 
1. INTRODUCTION 

I 
Al,kylphenol ethoxylatea (APE) are one of 
several, groups of chemical entities classi
fied as nanionic BUX'factants. The prcwtice of ]
utili2.ing APE as components of domestic house
hold products has been largeLy replaced by the 
use of mol"e readily degraded nonionias but APE 
stiLL find (xmsidel'able use in industrial and :) 
agriaultuX'al., appZiootions. CorrvnerciallYJ 
alkylphenols are manufactured by the addi
tion of phenol to the double bond of an :]
olefin in the presence of a catalyst such as 
boron trifluoride; the alkylphenol is puri
fied by distillationJ then reacted with ]
several moles of ethylene oxide to pro
duce APE. APE 8U1'factants aompt'ised less 
than 4% of all nonionicB used in house
hold cleaning applications during 1965. - ) 

']
Total production of all types of nonionics amounted to 1324 million 

pounds in 1978. an increase of 200 million pounds over the last five years ] 
(U.S. International Trade Commission, 1979). The percentage of nonionic 

surfactants actually used in household cleanin9 products cannot be de- :J 
tennined from these Trade Commission figur~s.but as noted in our 1977 

Report. APE surfactants comprise a very small portion of this volume. :] 
· ] 

J 

I 
.1 

·I 
· 
I
I
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'I 
II. ENVIRONMENTAL LEVELS ] 

A. Analytical Methods 'I 

AlkyZphenol etho;yZates are one 9f several 
ent·it::ies classified as nonionia BUl"faatants 
and thus can be detected with many of the 
procedures u~iZized in the detection of 
AE (See Chapter JJ. 

1 
'J 

:1 
B. Water Quality Standards 

TheFe are presently no national cPitepia 
for> limi ting nonionic sUI'faatantB in water's 
of the United states. 

C. Nonionic Surfactants in Natural Water Bodies 

Levels of nonionic surfactants, including 
APE~ in the enJJironment wer>e disaussed in 
the 1977 Report. Since fn most instances, 
anaZytiaaZ rrethods do not distinguish be
ween specific classes of nonionicB and/oT' 
their degradation products, it is not possi
ble to ascertain which type of surfactant 
contributes to levels of nonionicB in wateF
ways. Levels reported are almost aLways 
lower than anionics at the saInZ sampling 
point. With respect to polyethylene glycol 
levela~ a Bingle study noted incl'eewea in 
aevel'al EngliBh rivers over an eight-year 
interval (1967-1974) 

.J 
J 

Alkylphenol ethoxylates 

in the United States. 

are not presently being monitored) as such, I 
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Ill. BIODEGRADATION 

It is generaUy acoepted that APE undergo 
primary biodegradation in a variety of 
test systems and field studies provided 
sufficient acclimation time is allowed. 
Laboratory studies indiaate significant 
primary biodegradation occurs wi thin 3 
to 10· days with straight-chain-derived 
APE and somewhat more slowly liri..th branched 
compounds. The rate of ultimate biodegra
dability of .APE, however, i8 slow. 

A. Laboratory Investigations 

Itoh et~. (1979) examined the biodegradability of a test solution of 

br-C9APE9.5 (20 m9/L) incubated under aerobic conditions at 27°C. Approximately 

10% of the eTAS response was lost between days 3 and 10. but no evidence of ulti

mate degradation. as measured by evolved CO2 , was evident at 10 days. 

Utilizing an activated sludge inoculum (30 mg/L). Miura et al. (1979) found 

that 100 mg/L of either C12APEa.5 or C9APE9.5 underwent complete primary biode

gradation (100% loss of CTAS) by 5 days while TOC removal and BOD/TOO approached 50% 

between 5-10 days. when tested according to the specifications of Japanese regu

lations. 

Schober] and Mann (1976) investigated the biodegradation of C9APE9 (]O mg/L) 

at two temperatures (20-23 Q C, and 3-4 Q C) in both fresh and seawater. After 50 

days at 20-23°C. the surfactant had biodegraded (loss of BIAS response) 33-36% 

in freshwater and 95% in seawater. At the lower ambient temperature, degradation 

in freshwater was the same (37%) but decreased in seawater (15%). 
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In laboratory shake-flask tests. highly branched C8APE 10 underwent essen

tially complete primary biodegradation (CTAS) in a period somewhat longer than 

45 days. Studies of the ultimate biodegradability of this surfactant indicated 

less than 20% of theoretical CO2 was evolved after 28 days (Scharer et ~., 1979). 

In another shake-flask study with linear C9APE IO ' Davis et al. (1979) reported 

27% biodegradation (as'measured by a phosphomolybdic acid colorimetric method) 

after one week in sewage wastewater and 40% degradation in flasks inoculated 

with a mixed bacterial culture developed from soil and sewage organisms. 

In a study of the degradation of APE by anaerobic organisms, Citernesi and 

co-workers (1976) reported between 50 and 75% adsorption of added 15 APE9C12

(Nonidet P40™) or _15APE (Nonidet SH30™) to soil/water system after 15 days,C12 
but virtually no further change by 30 days. Analysis of the supernatant showed 

90-100% removal (as measured by TLC) between 15-30 days; the combined disap

pearance of the surfactant from soil and the supernatant material was 83-84%. 

B. Field Studies 

1liJo field studies cited in the 1977 Repol't 
indicate APE undel'go primary biodegl'adation 
undel' fie~ conditions; i.e., gl'eatel' than 
90% l'emoval (CTAS) of CeAPElo was noted in 
an extended aeI'ation-activated sludge sewage 
treatment plant aftel' 20-44 days while 80% 
degradation (TLC method) of CeAPEe_9 occurl'ed 
in a trickling filtel' sewage tl'eatment plant. 

No additional field studies have been found. 
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C. Effect of Chemical Structure 

The rate of degradation of APE is influenced 
by: (1) the degree of branching -- less 
branching results in faster rate of degrada
tion; (2) the number of ethylene oxide units/ 
mole -- an increase in number slows the rate 
of degradation; and (3) the position of 
attachment of ihe benzene ring to the alkyl 
chain -- attachment to a primary carbon re
sults in a faster rate of biodegradation than 
attac'hr.!ent to a secondary carbon. 

D. Metabolic Pathways of Biodegradation 

The major degradative pathway of a7,ky1.pheno7, 
etho~lates appears to be shortening of the 
etho~late chain and some ca:rbo~7,ation of 
the a7,ky7, chain~ perhaps by w-oxidation. 
?he extent of fla'ther degradation of ei ther 
the alky 1. chain or the benzene ring is 
unknown. 
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IV. ENVIRONMENTAL SAFETY 

A. Aguatic Toxicity 

1. Acute Toxicity to Fish 

In the Zite~atu~e reviewed in the 1977 Re
port, short-term LCso vaZues for fish ranged 
from 1.3 mg/L CaAPE30 to 1080 mg/L C9APE lf ... 
both for the bluegill. However ... most LCSD 
values were bet:ween 4 and ].2 mg/L. Most of 
the APE su:Pfaotants tested had similar con
figurations (i.e .... alkyl chain length of 8 
01' 9, ethoxylate ohain of 8-10 units), al
though there Was evidence that surfactants 
with shorter ethoxylate ohairl$ were mOl'e toxic. 
Other studies indicated greater sensitivity 
in fish in early Ute stages and at higher 
temperatures. 

Acute toxicity data from more recent studies. as presented in Table 5-A, 

show a narrow range of LC50 values. The brown trout (Salmo trutta) 'was the 

most sensitive of the species tested, with a g6-hr LC of 1 mg/L CgAPEg_50 10 

(Reiff et ~.• 1979), while the minnow (Phoxinus laevis) was least sensitive, 

with a 48-hr LC50 of 65 mg/L APE (Hamburger et ~.• 1977). All other species 

cited had acute values below 18 mg/L. The data were not extensive enough to 

permit comparisons of LCSO values under varying environmental conditions for 

the same species. However, Fischer and Gode (1978) reported that the "cr itical 

concentration range" was higher (l2-20mg/L) at 15°C than at 20°C (6-11 mg/L) 

for the golden orfe (Leuciscus idus melanotus). suggesting increased toxicity 

(or increased fish sensitivity) with increasing temperature. 
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TA8LE 5-A ACUTE TOXICITY OF ALKYLPHENOL ETHOXYLATES TO FISH
 

Species Surfactant ~o Concentration 
(mg{L± 95% CL)" 

Harlequin fish 
(Rasbofa heteromorpha) 

C9APE 9_10 -99.9% active 8.6 

8rown trout 
(Sa1mo trutta) 

C9APE9_10 1.0 

Go1den orfe 
Odus idus melanotus) 

C9APE9_10 7.0 
11 .2 

Goldfish CAPE 18 
(Carassius auratus) 9 9 

N 
W 
o 

Goldfish 
(Carassius auratus) 

CAPE 0 
9 1 

5.4 

Minnow APE 65 
(Pho.inus laevis) 

Rainbow trout APE 4-6.3 
(Salmo gairdneri) 2 

Go 1den orfe APE 3.7->10 
(Leuciscus idus) 

Cod CAPE 0 6 
(Gadus morrhua) 9 1 

*ContinuDU5 or intermittent replacement of test solution. 

~ **95% Confidence Limits were not reported for any of these studies. 
~ 

o 
c:-;; 
g 

L-...,; ~ '-------  ~ 

Experimental Conditions Reference 

Dynamic* 96 hr Reiff et a1. 
20 mg{L hard., 200 (1979)- 

26-30 mg{L hard .• 
15°, dynamic, 96 hr 
268 mq{L hard., 200 dynami c,
 
Static, both 96 hr
 
48 hr Tomiyama (1974)
 

48 hr Kurata et al.
(1977) - 

Stat; c, 48 hr Hamburger et al 
(1977) - 

Static, 48 hr 
Flow-through, 48 hr 
Static, 48 hr 

Flo~-t~rough, 96 hr Swedmark et al. 
32 -34 O{OO salinity, (1976) - 
4 _16 0 

• 
'-----01 ~.: 



The toxicity of APE surfactants diminishes with time as a result of bio

degradation, although it apparently occurs less rapidly than for other commonly 

used surfactants. Kurata et~. (1977) exposed goldfish (Carassius auratus) 

to CgAPE10 which had been maintained in river water for 4 days, and determined 

a 48-hr LC50 of 3.7 mg/L. The LC50 for the intact surfactant was 5.4 mg/L. 

indicating no biodegradation had occurred during the 4-day period. Reiff (1977) 

reported that an initial concentration of 20 mg/L APE became nontoxic to rain

bow trout (Salmo gairdneri) after 70 days. The same concentration of AE, on 

the other hand, produced no toxicity after 10-14 days. 

2. Acute Toxicity to Invertebrates 

In the 1977 Report, LCso values varied widely 
between specnes. Barnacle larvae (Balanus 
balanoides) were the least tolerant of the 
species tested, with a 96-hr LCso of J.. 5 
mg/L CgAPEIO' Mosquitoes in the pupal and 
larval stages were extremely resistant to 
APE, with LCso's exceeding 400 mg/L. APE 
aompounds with shorter ethoxylate ahains and 
branched alkyl chains were the most tona 
fOI'lT/8 in tes tB with mosqui to pupae. Spi dEl' 
arabs and barnacles in the Larval stage were 
more susceptible to APE than dwing the 
adult phase, whi le the decapod Leander 
adspersUB was more sensitive in the p08t
molt stage than during inte!'711olt. The 
same study reported that higher temperatures 
increased the toxiaity of CgAPEIO to mussels 
and clams. A 10 mg/L APE solution was found 
to decrease in toxicity to TTK1.t'ine annelids 
over a period of 28 days. 
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I 
Only one additional study was found that detailed the acute toxicity of I 

APE to aquatic invertebrates. Swedmark, et~. (1976) reported a 96-hr 

LC of 12 mg/L CgAPE10 for the adult common mussel (Mytilus edulis) in ISO 
a flow-through toxicity test. , I 

, I 3. Toxicity to Microflora 

,1 Various al.gae species exposed to APE ex
hibi ted toxic effects over a wide range of 
ao'naerztl'ations. Growth inhibi tion oaaU1'I'ed 
at APE concentrations of 10-1000 mg/L in 
12 species of mrt>'ine phytoplankton; APE I 
compounds wi th longer ethoxyZate chains 
were less toxic. The growth of freshwater 
algae was inhibited at 20-50 mg/L APE. I 
In one CaBe~ 50 mg/L APE stimulated the 
cell activity of blue-green algae. 

No other information on APE toxicity to algae was found. I 
4. Sublethal and Chronic Toxicity ] 

:j 
In the studies surveyed by the 1977 Report~ 

a variety of sublethal effects in aquatic 
organisms was reported. At C9APE9 5 con
centrations in excess of 5-6 mg!L~ . rain :I 
bow trout swam erraticaZl-y~ lost balance 
and eventually became immobi Zi2ed. By 
C!Omparison~ the 96-hr LC50 value for this I 
spedes was 10-12.5 mg!L. Invertebrates 
exhibited impaired locomotion and reduced 
burrowing activity~ heart rate and syphon. 

Iaativity> at 0,5-100 mg/L CeAPElO' During 
ahl'Onic exposures of 3 weeks dW'ation~ 

irrpaired swimming in crustaceans persisted 
at all concentrations greater than 10 mg!L. I
 

I
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Swedmark et ~. (1976) reported sublethal effects of CgAPE10 to cod (Gadus 

marrhua) and common mussels (Mytilus edulis) exposed for 96 hours. Cod exhibit

ed increased sWimming activity, and avoidance reactions, as a result of exposure 

to 2 mg/L, and decreased swimming activity (impaired reactions) in 4 mg/L. The 

authors observed decreased byssal activity (formation of filament used for 

attachment) and shell closure ability in the mussel at 5 and 10 mg/L. respec

tively. 

Patzner and Adam (1979) exposed two species of Plathelminthes worms, 

Ougesia gonocephala and Notoplana humilis. to APE (Hostapur CX™) in long-term 

tests. The threshold for lethal effects over 30 days was 3 and' mg/L for 

Q. gonocephala and N. humilis, respectively. 

5. Interact ions wi th Other Chemi ca1s 

The 1977 Report cited a Btui", in which 
APES_II and LAS (DOBANE JNX™) acted syner
gistically in their foaming behavior. One 
APE compound.. ORTHO HDrJfM.. inC!1'eased the 
rate of initial penetration of an insecti
cide into citl'UB leaves. Other studies 
reported that CgAPEg doubled the uptake 
of picloram by eucalyptus leaf disks .. and 
that CSAPEIO increased phosphoI'UB absorp
tion by apple leaves by a factor of ? 

No other information on the chemical interactions of APE was found. 

B. Effects of APE on Microorganisms 

One study noted in the 1977 Report found 
that a 1000 mg/L solution of CsAPE slightZy 
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inhibited the nitrifiaation proaess 
in two aoils tested. The baateT'iwn" Aero
baater aerogenee was exposed to Maaro
ayalon1'M" a polyethylene glyaol ether of 
p-tertoat~~phenol -fopmaLdehyde ayalia 
tetramer with 12 ethylene oxide residues 
pep moleaulej aonaentratione of 200 to 
100,,000 mg/L were toxia to 25% of the 
population. 

Lamikanra and Allwood (1976) tested CSAPES (Triton X_4S™) and CSAPElO 
(Triton X_1OO™) for their anti-bacterial action on Staphylococcus aureus. 

CSAPE5 was the more toxfc of the two surfactants. producing growth fnhibition 

in the bacteria at concentrations as low as 0.05S5 ~M. The th~eshold for 

growth inhibitfon usfng CSAPE 10 was 0.159 ~M. 

Hfgher concentrations of both surfactants brought about a complete 

inhibftion of growth over the 6 hour observation period. The authors concluded	 .] 
, J 

that CSAPE5 was more toxfc because it was taken up more rapidly by the bacteria. 

Uptake rates did not increase when the concentration exceeded 0.46S ~M CSAPE5	 '] 
or 0.795 "M CSAPEl O· 

:J 
Hislop et~. (1977) conducted toxicity tests on a variety of microorganisms Uusing different Triton™ surfactants. The most extensive testing was for the 

purpose of controlling apple scab (Venturia inaequalis). The following list : I 
shows the degree to which ascospore release was inhibited by dipping infected 

apple leaves into a 50.000 mg/L solution of various surfactants: 

Surfactant
 

CSAPES (Triton X_4S™)
 

CSAPE7_S (Triton X_114™)
 

CSAPE10 (Triton X_1OO™)
 

Ascospores Released 
(% of Control) .! 

2.7 
] 

16.7 

29.5 J 

I 



Surfactant 
Ascopores Released 

O~ of Control) 

C9APE (Triton N_101™) 7.4 

CSAPE12_l3 (Triton X_l02™) 32.6 

CSAPE 70 (Triton X_705™) 3.3 

The finding that toxicity is inversely related to ethoxylate chain length is 

consistent with data from other types of toxicity studies. Spotts and Feree 

(1979) found that neither CSAPE 10 (Triton X_100™) nor C9APE6 (Triton N_57™) 

sprayed on dormant Cortland apple trees (Malus domestica) has any effect on 

powdery mildew, apple scab, or fruit set. 

Low concentrations (5 m9/L) of CSAPE 5 (Triton X_45™) had no effect on 

the growth of various soil microorganisms, including gram-positive bacteria, 

yeasts, and various fungi cultured in agar. At concentrations of 50 mg/L 

CaAPE, growth was inhibited in all microorganisms except the yeasts (Hislop 

et ~., 1977). 

As part of the same study, Hislop et ~. (1977) dipped earthworms 

(Lumbricus ~errestris) into various 5,000 and 50,000 mg/L solutions of Triton 

X_45™. Triton X_1OO™ or Triton X_705™. Effects were observed only in worms 

exposed to 50,000 mg/L Triton X_705™ (C APE70), with a 30% mortality rateS
over 20 days. 

c. Effects of APE on Higher Plants 

Various effects of surfactants on plants were 
noted in studies reviewed by the 1977 Report. 
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Leaf damage Was noted in six crop plants 
treated with various APE sUl:'factants, 
particulax'ly with 10,000 mg/L solutions. .1Other effects included suppression of root 
elongation in cucumber seedlings, reduced 
pollen germination in the bitter-goUl:'d, "Iand ce ZZ damage in the beet at APE con
centrations between 25 and 100 mg/L. 

-1 
In experiments with sorghum (Sorghum bicolor), Horowitz and Givelberg (1979) 

exposed seedlin9 roots and leaves to various concentrations of A9ral 90™, a .1 
92% active alkylphenol-ethylene oxide condensate. Significant growth reduction :J 
occurred in the shoots and roots of seedlings after 8 days of root exposure to 

a 10 mg/L solution of Agral gOTM. After 24 hours in 10;000 mg/L Agral :] 
90™, the roots leaked amino acids and inorganic ions such as Na, K, Ca, and :]Mg. An exposure period of 2-3 days in 10,000 mg/L produced wilting in the 

test plants. · J 

Spotts and Ferree (1979) gave single spray treatments of CgAPE (Triton N_57™) : 1 
or CSAPE10 (Triton X_1OO™) in 10.000-50.000 mg/L concentrations to various crop 

·]
plants. In apple trees (Malus domestica). spray treatments of 30.000 and 50,000 

m9/L of either surfactant produced a 2-5 day delay in bud break (compared to .J 
controls), and bud kills of 30-50%. The same concentrations were lethal to 

100% of the buds on Concord grape vines; only CgAPE produced a bud delay in ,j 
Aurore grapes (Vitus spp.). Both APE compounds caused a 67-100% bud kill in 

peach trees (Prunus persica) at concentrations of 10,000-50,000 mg/L. Among :J 
surviving peach buds, only CgAPE6 (30.000 and 50.000 mg/L treatments) produced I 

,· J' 

a delay in bud break of 2 days. Neither of the APE surfactants had any effect 

on pear buds (pyrus spp.) at any of the concentrations tested. I 
I 

·I 
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Stolzenberg and Olson (1977) exposed the cut ends of excised barley 

plants (Hordeum volgare) to 150 mg/L (SAPElO (Triton X_10O™). Transpiration 

and photosynthetic oxygen evolution continued at 75% of the rate of controls 

when surfactant residues in the tissues reached ~150 mg/g fresh weight. 

The growth rate of cress seedlings grown on filter paper in 5.000 or 

50,000 mg/L solutions was reduced by six APE surfactants tested by Hislop et 

~. (1 977) (see IV-B) . In addit ion, the authors sprayed 50,000 mg/L (SAPE5 
(Triton X_45™) on potting soil used to grow barley and peas. No effects on 

the seedlings were observed. 

O. Mode of Action 

According to the studies reviewed in the 
1977 Report~ the mode of action of APE varies 
depending on the organism. In fish, the 
giU lamellae a:t'e affected by edema and lTTU.

aosis; in addition, there is a possible nar
cotic effect on motor control. In bivalve8~ 

ion balance~ osmoregulation.~ and respira
tion. have been. disrupted by exposzaoe to APE. 
Mosquito pupae may rhoown. as a resul t of de
creased surface ten8ion.; survival among 
larvae is higher because of their ability 
to respire through the cuticle. 

The only additional information on APE mode of action was found in a 

study by Ottoson and Rydqvist (1978). Those authors examined the effects of 

(SAPES (Triton X_45™) and (SAPElO (Triton X_l00™) on the stretch receptor 

neuron of the crayfish (Astacus fluviatilis). Concentrations of 38-50 mgjL of 

either surfactant inhibited the receptor potential of the neuron after 60-90 
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I 

minutes; responsiveness returned to normal after replacement in normal saline I 
water. This effect was attributed to a selective action on the sodium channels 

in the membrane of the receptor neuron. I 
'J 

'J, 

:]
 
:]
 
:I
 
:1 

:1
 

.J
 
J
 
: I 

I 
I 
j 

I 
, 
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V. HUMAN SAFETY 

The data availahle for the 1977 Rep0l't in.
diaated that the use of alkylphenol ethoxy
lates did not appear to pose a significant 
risk to human health. However~ Bome areas 
of uncertainty (e.g.~ aa:rdiotoxicity of a 
naI'1'OW molecular weight range of APE3 

carcinogenicitY3 mutagenicity and terato
genicity) required further investigation. 

A. Animal Studies 

A low order of acute and chronic oral toxi
city i8 noted in exper>imental animals with 

APE3 with the exception of APE in a 
narrow moleaulcrr weight range (APE15-APE2/) j 
this latter group of compounds has been 
linked to an increased incidence of aardio
toxicity in dogs and guinea pigs following 
dietary exposures of relatively short inter
vals (5-14 days). Oral LDSO values in rats 
range from about 1000 to 303 000 mg/kg" de
pending on the length of the ethylene oxide 
adduct. OculaI' effects also emibit a 
structure dependence for irritant potency 
with highest toxicity noted with surfactants 
containing 8-10 ethylene oxide units. Acute 
irritation studies" hOlJJever" suggest that 
APE present no substantial problem from 
accidenta l cutaneous 01' ocular exposure. 
Chronic feeding studies with rats and 
dogs fed 1000 mg/kg/day for two yeaI'S indi
cated no significant toxicity. 

Acute Taxi city.
 

Acute Irritation - Skin. - Ocular
 
Subchronic/Chronic Toxicity
 

No new acute. subchronic or chronic studies have been conducted with 

APE since the 1977 Report. Similarly, no data were found on APE surfactants 

in the areas of acute skin and eye irritation or skin sensitization. 
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Carcinogenicity. 

'I
No indications of cCU'cinogenic activity were , I
 
noted in chronic feeding studies lJlith APE.
 
A single study reported a cocarcinogenic
 
effeat for C9APE (2000 mg/L) added to the
 
dPinking water of rats in the induction of
 
gasmc twrorS by N-methyl-N'-nitl'O-N

nitrosoguanidine; however., it is un.cleCU'
 
whether this effect is due to enhanced
 
carcinogen absorption or some other physio

logical mechan.isms.
 

Mutagenicity. 

No information is avai lable on the muta
genicity of APE. 

Teratogenicity/Reproduction Studies. 

No data are available on the effects of ,I APE exposure either to the concept:ue 
or on thE. reproductive performance of 
experimental aninu.ls. , ) 

· J 

No data on the carcinogenic. mutagenic or teratogenic activity of APE 

surfactants have been pUblished since the 1977 Report. 

] 
Pharmacology Absorption and Metabolism. 

.1 

Absorption and metabolism studies indicate 
that both rate and dogs excrete about 90% ·i 
of ingested APE within. 72 hou:t's. Reduced 
u:Pina:rry excretion with a reciprocal in
crease in fecal excretion is observed lJith I 
increasing ethylene oxide adduct Zength. 

· ,. 

242 Arthur D Little. Inc 

I 



The principal urinary metabolites are mono
and dicarboxylic acidS of polyethylene glycol 
and the glucuronic acid conjugate of the alkyL
phenol. 

Pharmacology - Cardiotoxicity. 

APE in a narrow molecular> weight range (APE15
APE25 ) have been linked to an increased inci
dence of ca:t'diotoxici ty in dogs and guinea 
pigs. Focal ca:t'diac necrosis was reported 
in dogs fed 40 mg/kg/day C9APE20 for 90 days 
un th lesions evident wi thin 5 days at highe7' 
doses. Rats" however" fed 5000 mg/kg/day 
WIdeI' the same treatroont regimen exhibited 
no cardiac pathology. 

B. Human Studies 

Skin irritation. studies unth APE materials 
containing 1 to 13 ethylene oxide units 
indicated neither primary irritation 
foLlowing 48-hoW' patch tests nor sensi
ti2.ation upon subsequent chaLlenge two 
weeks Later. 

Vontver et~. (1979) recently examined the effects of topical treatrrent 

of culture-proved genital herpes simplex virus in 37 men and 32 women with a 

cream containing Nonoxynol-g™ (CgAPEg). The cream was applied five times 

a day until the lesions healed or for a maximum of seven days. Female 

patients also inserted the medication into the vagina each evening. No ad

verse effects were noted nor did the treatment result in any inhibitory effect 

on the course of genital herpes or on new lesion formation. 
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CHAPTER 6 

Alpha Olefin Sulfonates 

(AOS) 
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ALPHA OLEFIN SULFONATES
 

Synopsis 

Alpha olefin sulfanates (ADS) are one of several groups of chemical 

entities classified as anionic 5urfactants. ADS 5urfactants possess good 

detergency and foaming characteristics in hard water. Some 10,000 metric 

tons of AOS were consumed in 1976. 

At present, there are no water quality criteria for limiting ADS in 

surface waters of the Unitea States and levels of AOS, as such. are not 

presently being roonitored in the United States_ or Europe. MBAS measure

ments, however, would include ADS surfactants, if present. Biodegradation 

studies with ADS are somewhat limited, but the data available indicate AOS 

are readily biodegraded under both laboratory and environmental conditions. 

Recent studies support earlier findings that the acute aquatic toxi

city of AOS increases with increasing alkyl chain length. LC50 values 

range from 0.3 mg/L to 21 mg/L. Insufficient data exist to establish the 

extent of AOS toxicity to juvenile life stages of aquatic organisms, higher 

plants or microorganisms. Toxicity to fish appears to be directly related 

to changes in the interfacial tension between gills and water. 

AOS surfactants exhibit a moderately low order of tOXicity in rodents. 

No adverse effects were observed in rats fed 1000 mg/kg/day for 90 days or 

5000 mg/kg of diet for two years. AOS concentrations up to 1% are not ocular 
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irritants in rabbits. but concentrations greater than 5% are capable of pro

ducing reversible mild to severe ocular irritation. Acute skin irritation 

studies in rabbits range from slight to severe skin irritation; ADS concen

trations of 1-2% produce negli9ib1e to mild irritancy in humans. 

Long-term studies of the possible carcinogenicity of ADS by oral and 

percutaneous routes have been negative. In addition, a number of in vitro 

and host-mediated mutagenicity tests have produced negative results. A 

single set of experiments with one commercial sample showed a positive 

response in a host-mediated assay with rats; however. chemical fraction

ation studies suggest that this response may be due to materials having no 

direct relationship to the surfactant. 

An increase in cleft palates was seen in offspring of mice given 300 

mg/kg/day AOS by gavage during gestation as well as an increased incidence 

of minor skeletal anomalies in both mice and rabbits at this dosage level. 

These responses generally occurred in groups in which the dams exhibited 

toxic responses. 

Although data on the reproductive effects of ADS and by-products are 

limited, all of the human safety information presently available suggests 

that normal use levels of ADS do not pose either an environmental hazard 

or a significant risk to human health. 
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I. INTRODUCTION
 

A~pha o~efin su~fonate8 (ADS) aPe one of 8ev
ero~ groups of chemical en ti ties classified 
as anionic sUI'faC!tantB. They possess good 
detergency and foaming cha.rocte!'iaticB in 
hard water and thus.. Qre useful su:t'factantB 
for heavy du"ty powder detergents of loW 
phosphate fo:rmulation. ADS are corrme!'ciaUy 
prepared by direct Bulfonation of n.. a-ole
tim; with a dilute stream of vaporized sul
fur' trioxide in continuous thin film l'eactol's. 
Depending on reaation conditions.. this com
plex~ highly exothermic reaction can [oHow 
several paths leading to a variety of reaa
tioY! products. ADS have thus proved diffi
auU to characterize chemically.. and 
corrmercial ADS products contain a mixture 
of alkene sulfonates.. hyd:l'Oxyalkane sulfo
nates and disulfonates. In addition.. smaller 
amounts of alkene disulfonates J hydroxyalkane 
disulfonates" satUI'ated sultones (which rray 
be eliminated by thorough saponification) 
and unreacted cr-olefins may also be present. 
The influence processing condi tiom; exert 
on product composi tion is not fully under
stood and the detailed natUl'e of the products 
present at each stage of ADS production re
mains to be fully defined. 

Matson (1978) reports that lD,OOO metric tons of AOS, evenly divided 

between the United States and Western Europe, were consumed during 1976. 
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II. ENVIRONMENTAL LEVELS 

A. Analytical Methods 

As anionic BurfactantB~ alpha olefin sul
fonates can be detected with rrany of the 
procedures utilized in the detection of 
LAS (See Chapter 1). As with LAS~ th.e 
nr:cinBtay foX' the determination of pre
sumptive levels of ADS in the environment 
has been the MBAS method and" therefore" i8 
subject to the inherent limitations of 
this procedure. In addition" the 1..977 
Report diBcusBed several cOTmlonly used 
physicocmemical analyses which" with 
slight modifications in experimental pro
cedures, have been adapted to ADS deter
minations. 

A simple. rapid method for the quantitative determination of alkene-l

sulfanates, the principal components of commercial ADS products, without in

terference from hydroxyalkane-l-sulfonates also present in the commercial 

mixture has recently been developed (McClure, 1978). The analysis consists 

of titratin9 the sample in 9B% acetic acid-2% water solution with a stream 

of ozone to a photometric endpoint using Rouge Organol BS indicator. The 

presence of both unreacted olefins and sodium alkene-l-sulfonates is detected 

with this method. An extraction-GC process is utilized to distinguish the 

typically small amounts of unreacted olefins present. and the alkene-l-sul

fonate content is determined by difference. Duplicate results were reported 

not to differ from the mean by more than 1% for samples containing 0.50 to 



1.50 meq/g of unsaturation. Comparison of analyses of a known sample by 

ozone titration and NMR gave values which were within 2% of each other. 

Three papers have also reported the use of physicochemical techniques 

for the analysis of residual amounts of sultones which may be present in 

ADS (Sla9t et El., 1976; Wolf and McPherson, 1976; Callahan et El., 1976). 

Slagt and co-workers (1976) described a high pressure liquid chromatographic 

method for the quantitative determination of both 1.3- and 1,4-sultones with 

a lower limit of detection of 10 mg/kg. Duplicate determinations of a known 

sample gave standard deviations of 8-9 mg/kg at a level of 300 mg 1,4-sul

tone/kg. The reliability of the method was tested by the addition of known 

amounts of 1,3- and 1,4-sultones. All of the added 1,4-sultone was recovered 

quantitatively. even when extracted 11 days after spiking. The 1.3-sultone, ] 
which is far less stable. was not recovered quantitatively; 85% was recovered 

one hour after spiking and only 45% of the added amount was detected after ·J 
11 days. the rest probably bein9 decomposed. -1 

Wolf and McPherson (1976) reported the separation and semiquantitative 'j· 
estimation of nine C14 sultones by thin layer chromatography on silica gel. 

Vapor phase charring with 20% fuming sulfuric acid and measurement of the 

charred compounds by photodensitometric determinations gave detection limits 

of several ppm in olefin sulfonates. This method is limited by the usual 
· I quantitative problems of thin layer chromatography. 
-I 

·..I 

.,I 
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Callahan et~. (1976) have developed a gas chromatographic method 

specifically for the analysis of C'4 delta. unsaturated gamma and 2-chloro 

gamma 5ultones but the method has been used for other 5ultones. The method 

is reportedly capable of detecting less than 1 ppm of these 5ultones in a 38% 

ADS solution. In recovery studies with C'4 delta sultone, a standard devia

tion of ± 2 ppm was observed at 10-30 ppm level of 5ultone. 

B. Water Quality Standards 

There are pt'esentZy no water quality oriteria 
for concentrations of alpha olefin sultanates 
in BUJ.'face waters of the United States. 

c. ADS in Natural Water Bodies 

AGS are not presently being monitored as such 
in the United States or Europe. If present, 
AGS surfactants, as well as other anionics, 
would be included in MBAS measurements. 
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III. BIODEGRADATION
 

BiodBgradation studies with AOS are Bome-'" 
what limited but the data available indi
cate AOS are readi Ly biodegraded under 
both kzho:ro.tory and enviI'onmental condi
tions. 

A. Laboratory Investigations 

Although saant~ the available data indiaate 
AOS are quickLy and readi ly biodegraded as 
soo"", by BOD (51.6% at 5 days) and evolved 
CO2 data (65.7%) for AOS in the CIZ-C IS 
range. AQS are completely dEgraded (lOO% 
MBAS) in both fresh and seawater llJit~~:n 

3 to 5 days under aerobic t1onditions. Some 
o:naerobic d2gradation also OCCW'8~ ranging 
frem 19-34% at 14 days and 31-43% at 28 days. 

With an activated sludge inoculum. Miura et~. (1979) found that the 

MBAS response to 100 mg/L AOS virtually disappeared by 15 days while removal 

of TOC approached 90% by B days. 

In another study, Itoh et~. (1979) reported complete biodegradation 

(100% loss of MBAS response) of C'ZAOS and approximately 30% of theoretical 

CO2 evolved by 10 days. 

Utilizing a modified shake-flask test with secondary wastewater effluent 

as inocula, Kravetz and coworkers (1977) determined the primary and ultimate 

biodegradability of • series of single carbon cut ADS (C1Z,C14,Cl£,C1S)' The 

257 
Art~ur D Little.lnc 



tested ADS samples were found to undergo 98-99% primary biodegradation (as 

measured by M8ASj within 3 days. Alkyl chain length was noted to affect the 

rate of ultimate biodegradation of the samples t however. Although C12 AOS I 
· I 

and C14AOS degraded similarly (~65% evolved CO2 by 30 days), increasing the 

alkyl chain from C14 to C18 decreased the rate and amount of evolved CO2" 'l 
All ADS test samples, however) reached greater than 50% mineralization with ,I 
in two weeks; 75 to 80% of a glucose sample was mineralized in the same tilTe 

peri ad. ] 

B. Field Studies 1 

IMBAS and IR a:naZyses of !'aW municipaZ
 
sewage and effZuent from t;wo Japanese
 
sewage treatment pZants over a one-year
 ]period indicated that the surfaatant 
content of the infZ.uent sewage con
tained approxim:J.teZy 2% AOS which was 
compZeteZy FefflOved during passage .1 
through the treatment pZant. 

1 
No additional field studies have been found. 

] 

j 

I 
· 
I,, 

• II 
:, j 
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] 
IV. ENVIRONMENTAL SAFETY '1 

, I 

A. Aquatic Toxicity 

I. Fi s h 

'j 
In the 1977 Reporrt~ reported Le so values for 
AOS ranged from less than O. J mg/L to 21 mg/L. 
In toxicity tests with bluegill~ 24-hour Leso J

values for dirm"l' olefin sulfonate and vinyli

dine AOS were 97 mg/L and 58 mg/L~ respective

ly. Mortality after the first 24 hours was
 ]
higher under aontinuous-f1ow than static 
conditions" indicating possible surfactant 
biodEgradation 01' absorption in static toxi
city tests. Longer-chain AOS were consistent ,J 
ly more toxic than those with shorter alkyl 
chains. 

] 
Acute toxicity data from more recent studies are summarized in Table I 

6-A. The range of LC50 values from these reports ;s 0.5 mg/L to 5.7 mg/L; 

of the species tested. harlequin fish were the most sensitive. The data :] 
of Reiff et~. (1979) support the earlier finding that AOS surfactants 

with longer alkyl chains are more toxic; i.e., for C16_1SAOS. the LC 50 's :! 
were generally 4-10 times lower than for C _l6AOS.

14 :J 

2. Invertebra tes , j 

! 
Daphnia lTUgrla was the only invertebrate for . I 

which toxicity data were found in the litera
ture supveyed for the 1977 Report. LCSO I 

, .J 

! 
• J 
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TABLE 6-A. ACUTE TOXICITY OF AOS TO FISH
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TABLE 6-A (Continued) 

Experimental 
Species Surfactant Concentration Effects Conditions Reference 

(mg/L) 

Japanese himedaka AOS LC50 48 hr Tomiyama 
3 o mg/L CaC03 (1978) 

hardness 
1 .10 " 
1 20 " 
1 50 " 
1 100 II 

II0.5 500 

Golden orfe 50-50 mixture of 5 LC 20 48 hr Mann and Stach 
N (Leuciscus idus olefin sulfonate 6 48 hr (1974)LC lOO 
N '" me1anotus )-- and succinic acid 

mono-sulpha-ester 
Rainbow trout 7.5 LC50 24 hr " 

(Salmo gairdneri) 

~ 
~ 

o 
c
~ 
" 11 

.- .... ": , "• . . 
~ ~ ~ ~ ~ '-- ~ '---' 



values Y'cp.ged fY'om 7.0 mg/L for C16_18AOS 
to 18.0 mg/L C14_16AOS. Vinylidene AOS 
was the most toxic~ however~ and aaused 
50% wortality in 24 hours at a concentra
tion of 2.47 mg/L. 

In a toxicity test with Daphnia, Lundahl and Cabridenc (1976) found that 

ADS toxicity decreased steadily over time as a result of biodegradation. After 

48 hours of biodegradation, the acute toxicity to Daphnia had diminished to 

negligible levels. 

3. Sublethal and Chronic Toxicity 

The hatching of fathead minnow eggs was re
duced by 60-70% (compared to contY'olsJ as 
a result of exposUY'e to 7.5 mg/L C14_16AOS~ 

while a 3.2 mg/L concentration caused 100% 
m:Jrtality in hatchlings. No mortali1;y was 
observed at 1.8 mg/L of the sUY'factant. 
Midges were exposed continuously to severa7, 
concentrations of C14_16ADS through WO 
life ~y~les. Survival was deoreased by 
24-52%~ compa:t'ed to contX'Ols~ in two tests 
at 9.0 mg/L. Second generation survival 
was also reduced at 9.0 mg/L, while a 4.5 
mg/L concentration had no effect on either 
generation. 

No further information on this aspect of ADS toxicity was found. 

4. Interactions with Other Chemicals 

One study reviewed in the 1977 Report found 
no conclusive evidence of synergism between 
linear tridecyl benzene sulfonate and C14 _16 
AOS or C16_18AOS ~er. tested on bluegill. 
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, 1 

Tomiyama (1974) reported that the addition of 2100 or 4200 mg/L egg 

albumin to 5 or 10 mg/L AOS solutions decreased the toxicity of the sur '1 
factant to goldfish (Carassius auratus). The decrease was most pronounced 

with 4200 mg/L egg albumin at the lower AOS concentration. 'l 
'1,

The data of Tomiyama (1?78) indicate that the 48-hour LC SO value for 

Japanese himedaka decreases slightly as water hardness (as CaC03) increases :] 
(See Table 6-A). The author attributed this trend to increased uptake 

rates and complex formation in harder water; it is unclear. however. if :] 
the reduction in toxicity is significant.
• :1 

B. Effects of AOS on Higher Plants :] 
The 1977 Report reviewed one study dealing ,J 
with the effe~ts of AOS on seed germination 
in tomato~ ba:l'ley~ and beqn plants. Water
ing solutions of 10, 25~ or 40 mg/L ADS :I had no signifi~ant effe~t on germination 
and gr"Owth when ~ompared to ~ontrol plants. :] 

No additional studies on AOS toxicity to plants were found. :] 
C. Toxicity of AOS to Microorganisms ,I 

'J 

The only information available on AOS
 
toxi~ity to mi~roorganismB is a study
 
with Escherichia ~oli incubated on 
gelatin media. An AOS ~on~entration 
of 150 mg/L was the lowest level whi~h
 
limited E. coli growth to 5 ~olonies
 
pel' plate. -

No other information on the effects of AOS on microorganisms was found. 

264 



D. Mode of Action 

The studies reviewed in the 197? Report 
identify the gills as the primary site 
of toxic action by AOS. Toxicity is 
directly related to changes in interfacial 
(between gill and water) tension; it was 
postulated that oxygen absorption is severe
ly hindered when the tension decreases be
yond a certain critical point. Another 
investigation cited protein complexing 
be ween dissolved surfactants and giZZ 
surface tissues as the prim:zry mode of 
action. 

Tomiyama (1974) observed significant absorption of AOS by the gills 

in goldfish, while almost none of the surfactant was found in the alimen

tary canal. In water containing 10 mg/L ADS. the rate of accumulation in 

the gills increased rapidly over a short period: after half an hour, gill 

levels of AOS were 0.3 ug/g; after 1 hour, 2.5 ug/g; and after 3 hours, 

In a separate experiment with 14C_AOS, Tomiyama (1978) found that 14C 

accumulated most strongly in the gills. and next in the gall bladder. The 

author did not describe the effects or mode of action in either tissue. 

Arthur DUttle.lnc 
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V. HUMAN SAFETY 

Data available for' evaluation for the 1977 
Report suggested that normal use of ADS 
su:t'jaatants did not pose a significant risk 
to human health. However~ the lack of reported 
data en the terat~genic/reproductiv~effects 
of ADS and skin irntancy of ADS and b:;
products of ADS manufacture suggested a 
need for further studies. 

A. Animal Studies 

ADS exhibit a moderately low order of toxi
city in both rats and mice. Acute oml LDso 
values in mice aPe higher (2500 t.o ) 4000 
mg/kgJ than intravenous~ intraperitoneal 
OT' subcutaneous values t<; 1600 mg/kg)~ in
dicating either a low rate or incomplete 
absorption, or rapid metabolism and elimina
tion. No adverse effeats were noted either 
in rats fed 1000 mg/kg/day ADS in the diet 
for 90 days or rots given 5000 Wm ADS in 
the diet for two years (mean daily intake: 
195 mg/kg males; 259 mg/kg females). Rats 
also appeared to tolerate well both repeated 
deI'fTIal and inhalation exposta'es to ADS. 

ADS are slightly to severely irritating to 
rabbit skin but data are inconsistent3 p~o

bably due to S'f,./f!h factors as purity, method 
of production3 etc. Skin senaitization 
studies in guinea pigs indicate ADS are 
generally non-sensitizers; a few positive 
FeSpOnBes were either unexplainable3 attri
buted to incomplete hydPolysis of the product 
02"' irreproducible. ADS concentrations of 1% 
are not ocular irritants in rabbits but con
centPCltions greater than 5% are capable of 
producing reversible 3 rm:ld to severe ocular 
irPitation. 

Acute Taxi ci ty.
 
Acute Irritation - Ocular. Skin.
 
Skin Sensitization.
 



1 

No additional information has been published in these areas since the 
, ) 

1977 Report, 
I 

Subacute Skin Irritation. Cumulative, open-patch test application of I
 
0,1 ml of a 2% aqueous solution of either CI6_18AOS (57.6% C16 : 40,8% C18) 

or C12AOS to the shaved backs of guinea pigs twice daily for a total of :1 
nine treatments resulted in nil-to-slight and slight-to-moderate cumulative 

skin irritation, respectively. Skin irritation scores of 0.42 and 1.67, J 
respectively, of a possible 4 points were recorded for these two samples 

CI 
(lmokawa, 1979). 

:I
 
Subchronic/Chronic Toxicity. No new long-term studies have become avail  :]
able since our 1977 Report. 

,j 
Carcinogenicity. 

:1 

TWo studies cited in the 1977 Repopt indicated 
negat;ive caI'cinogenic responses in rodents from ;I
 
AOS exposure. No increased incidence of twnors 
was recorded for CFX rats fed up to 5000 ppm 
C14_16AOS in the diet for 2 yeaI's and no ad
verse effects were noted in Swiss Webster rrrice [] 
after 2 years of twice-weekLy percutaneous 
applications of 5% aqueous solutions of either 
C15_18AOS~ hexadecane-1~4-Bultone or a suZtone 'J 
concentrate (64% act;ive) extr>acted from the 
process stream during the sulfonation process. 

J
 
The carcinogenic potential of several AOS samples was assessed in 400 , I 

. I
 Long-Evans rats divided into four treatment groups (SO/sex/group) as follows: 

I
 
i

, J 
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(1) deionized water (vehicle controls) 
(2) essentially hydrolyzed, composite sample of C14_16AOS and C16 _18 

AOS (30.0% active) 
(3) partially hydrolyzed sample of AOS (30.9%) identical to (2) but 

containing a residual level of sultone 

(4) commercial C14_16AOS (38.9% active) 

Each preparation, as a 10% active (v/v) aqueous solution, was applied twice week

ly to the cl ipped dorsal surface at a dose level of 1 ml/kg for 24 months. 

Mean body weights, food consumption, hematology, urinalysis, mortality, 

and gross post-mortem observations were comparable for all four groups. A 

higher incidence of yellow staining of the anogenital fur (a common obser

vation in aging rats) was seen in treated rats compared to controls but could 

not be attributed to urinary excretion of sultones. Group 2 males displayed 

a slightly lower mean kidney weight and significantly lower mean kidney to 

body weight ratio than did control animals but all other organ and organ 

to body weight ratios were comparable to control values. Gross and histo

pathological examinations revealed a similar incidence of neoplastic lesions 

in test and control rats, predominantly of the type commonly found in 

aging rats, with no carcinogenic effect attributable to the percutaneous 

application of the ADS test materials (Soap and Detergent Association, Col

gate Palmolive Co., unpublished data). 

A dermal carcinogenicity study has also been conducted with Swiss 

Webster mice. Groups of mice (40/sex/group) were treated three times a 

week for 92 weeks with 0.02 ml of test materials applied to the shaved 
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) 

interscapular surface. The study contained six treatment groups: 20% 
,1 

_1SAOS, 25% C14_l gA0S, 20% C14_l6AOS, 25% C14 _16AOS, 6.7% C16-l,4(delta)C14

sultone. 8.3% C16-l,4-sultone. There were also untreat~d. water and acetone . ]
 
control groups. A brief summary of the study (no data reviewed) stated that 

no significant toxicity or histopathology attributable to treatment was found .1 
(International Alpha Olefin Sulfonate Group, unpublished data). 

I 
Mutagenicity. 

: 1 

A nwriber of in vitro and host-mediated 'J
mutagenicity-rests have produced negative 
results. A single set of experimBnts 
showed a positive response in a host []mediated assay with rats; however3 the 
response may be due to materials having 
no direct relationship to the surfactant. 'I 

Teratogenicity/Reproduction Studies .J 

'IThere are no data available on the effBcts 
of AOS on reproductive perfoPrlW'lC!e in 
labopatory animals. Wi th respect to tera
togenic effects3 an increase in cleft L1
palates was found in offsp:n'Y/{J of mice 
given 300 mg/kg of AOS by gavage during 
gestation as well as an increased incidence 'Iof minor sketetal anomalies in both mice 
and rabbits at this dosage level. These 
responses generaUy occurred in groups 
in which the dams exhibited toxic responses. :J 
No adverse effects were noted~ however3 in 
pregnan. t rats 01' their 0 ffsp:nng fo llowing 
administration of 600 mg/kg AOS during j
gestation. 

j 

,I 
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Pharmacology-Absorption and Excretion. Minegishi et il. (1977) in

vestigated the percutaneous absorption of l4C_labelled ADS in male Wistar 

rats under various conditions. Application of 0.5 ml of a 0.2% solution of 

14C_AOS to the intact dorsal skin, which was allowed to dry naturally, re

sulted in the absorption of 0.6% of the applied dose; after 24 hours, 0.33% 

of the applied radioactivity was found in urine, 0.08% in bile and 0.21% 

in body organs. Similar experiments in which the skin was wiped off 0.5 or 1.5 

hours after application indicated that no further absorption occurred after 

1.5 hours. The excretion of radioactivity in urine and bile peaked between 

3 and 6 hours, then gradually decreased thereafter up through 90 hours post

exposure. Application of the same volume to damaged skin (no stratum corneum) 

increased absorption 80-fold. Approximately 50% of the applied radioactivity 

was absorbed and subsequently excreted in urine (36.26%) and bile (1.83%); 

an additional 12.28% was present in body organs 30 hours post-dosing. 

B. Human Studies 

Negligible to mild skin irritation was ob
served in human volunteers in 24-hoU1' 
patch tests with 1-2% active ADS samples. In 
another study~ increased irritation was 
noted as the a"tudy progressed in a 10 
day occlusive patch test with a 0.8% 
active concentration of AOS. The evi
denee indicates that AOS sUl'faot.ants are 
not skin sensi ti2ers in hWTIans. 

Arthur 0 Little. Inc
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Chapter 7 

Secondary Alkane Sulfanates 

(SAS) 
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SECONDARY ALKANE SULFONATES 

Synopsis 

The production and use of the anionic secondary alkane sulfanates (SAS) 

are largely limited to Western Europe where they are principally used as com

ponents of liquid surfactant formulations; some 50,000 metric tons of SAS 

were consumed in 1976. 

There are presently no water criteria for SAS in either the United States 

or Europe. Levels of SAS, as such, in surface waters are not presently being I 
monitored, but MBAS measurements would include SAS. if present. The contri

I 
.I bution of SAS to MBAS levels in the United States is negligible since these 

5urfactants are not extensively used in this country. 

The limited information available on the biodegradability of SAS sur

factants suggests that they are readily biodegraded under both field and 

laboratory conditions. Alkyl chain length does not appear to influence the 

rate of biodegradation but reduced ambient temperatures do retard the de

gradation rate, as with all materials. 

Human safety and aquatic toxicity data are scant and do not allow any 

general conclusions to be drawn in terms of environmental acceptability or 

human safety of SAS surfactants. The limited data available, however, 

suggest no significant hazards to either man or the environment. 
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I. INTRODUCTION 

The production and use of anionic secondary 
alkane sulfonate (SAS) BUPfactants are large
ly limited to the Eupopean continent. Due 
to their high water solubility aharacteristics~ 
BAS are principally utilized as components of 
liquid surfactant f01'l1TUlations. Predominantly 
linear with the sulfonate group attached to a 
secondary carbon and randomly positioned along 
the CXll'bon chain,3 commercial BAS are produced 
via a Bulfoxidation reaction with n-paraffins 
in the ell! - CIa l'i:1:tlge. The final product 
generally contains 85-87% alkane mono8ul
fonate,3 7-9% alkane disulfonate, < 5% sodium 
sulfate and 1% unreacted paraffins. 

Matson (1978) reports that large quantities of SAS are available only 

in Western Europe which consumed 50.000 metric tons of SAS in 1976. 
I 
J 

.j 

:] 
:J 
. ] 

:j 

:J 

:I 
j 
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[]
II. ENVIRONMENTAL LEVELS 

'] 
A. Analytical Methods 

:] 
Alkane Bulfonatee are one of several chemical 
entities classified as anionic surfaatants 3 ']
and thua can be deteated with many of the 
procedures uti lized in the deteation of LAS 
(see Chapter 1). '1 

Takeshita et~. (1976) developed a thin-layer chromatographic method ,1 

for separating C4 - C78 SAS and C, - C'4 ASS. Basically, the process involves 

separation of the surfactants on polyamide TlC plates with aqueous ammonia :1 
pyridine (SAS with carbon chains < C'4; ASS < C,o) or aqueous anunonia-pyridine U
methanol systems (SAS > C'4; ASS> c'o), The surfactants are detected as yellow 

fluorescent spots by spraying with pynacryptol yellow reagent followed by observ :J 
ation under UV light. limits of detection ranged from 0.05 to 2 ~g for SAS and 

.J 
0.1 to 2 ~g for ASS depending on the carbon chain length of the surfactant and , 

the solvent system used. ;] 
B. Water Quality Standards I 

" 

,
There are presentZy no water quality criteria 
in the United States or Europe specifically 
for secondary aZkane 6ulfonates (SAS). These 
anionic surfactants are inaluded among those ,j
measured in the environment using the MBAS 
method. 

i
>. __ J 

, ] 
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C. SAS in Natural Water Bodies 

SAS are not presently being monitored~ as 
suchJ in the United States or Europe. 14BAS 
measurement8 in water bodies include SAS 
8urfactant8 as we II as other anionics. 
Levels of anionic 8u;r>factants detected in 
natural water bodies were discussed in 
Chapter 1. The contribution of SAS to MBAS 
levels in the United States would be mini
mal since these surfactants have not been 
extensively used in this country. 
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III. BIOOEGRADATION 

The limited info:rmation cwailable on SAS 
Burfaatante indicates that they are readily 
biodegraded under both field and laboratory 
conditions. 

A. Laboratory Investigations 

Available data indicate BAS are readily bio
degraded; BOD values ranged from 20 to 56% 
of theoretical at 5 days for SAS with 13 to 
18 carbon atoms and exceeded 70% of theoreti
cal oxygen demand by 20 days. Complete pT'i
mcuy biodegradation (lOBS of MBAS response) 
is generally seen within 2-3 days in various 
die-away tests. Alkyl chain length does not 
appear to influence the rate of biodegadation3 

but reduced ambient temperatures do retard 
the degradation rate" as oacurs with all ma
teT'ials. Metabolically" alkane sulfonates 
appear to be desulfonated and subsequently 
degraded via a-oxidation. 

The mineralization of 5-10 mg of uniformly labelled 14C-sec-n-hepta

decanesulfonate at 20° C was studied by Lotzsch and co-workers (1979) in a 

manometric BOD apparatus (Hach apparatus) inoculated with 30,000 co10ny,,
forming bacteria (presumably from a sewage treatment plant but not expli

citly stated). Formation of 14C02 be9an within 24 hours (17% of radioactivity) 

and reached a value of 60.8% by 12 days. Approximately 30% of the total radio

activity added was associated with the bacteria and 10% remained in the nutri

ent solution at 12 days. 

In a modified BOD "one-pot" process using sewage water from -a sewage 

treatment plant as the inoculum n-C 13 _17 SAS (1%<C13 ; sB% C13- 1s ; 39% C16 17 ; 

2% > C17 ), incubated in the dark at 20' C, lost 75% of the MBAS response after 
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5 days; removal of DOC was 60% and BOD was 13% of theoretical. The quantity 

of surfactant used corresponded to a carbon concentration of 5 mg/l. By 10

15 days, complete primary biodegradation (100% loss of MBAS response) had 

occurred and BOD was 85% of the oxygen needed for complete oxidation of SAS. 

The elimination of DOC, a measure of the progressive mineralization of SAS by 

the microorganisms, reached a value of 70% by 10 days, 85% after 15 days and 

90% at 30 days (Lotsch et ~.• 1979). 

6. Field Studies 

Two field studies conducted in trickling 
fi Zter sewage treatment plants indicate 
extensive biodegradation of SAS OCCUPB, 

even during the winter months. 

No additional field studies have been re~rted 

] 
since the 1977 Report. 

]
 
.I
 
"' 
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IV. ENVIRONMENTAL SAFETY 

·I 
I 

A. Aquatic Toxicity 

· ] 
1. Fish :] 

· I 
~e literature surveyed in the 1977 Report 
included toxiaity tests for BAS on [OUI' .J 
species of freshwater fiah. The LC values

50 

:1for the bluegill 8unfi8h~ Lepomis maaroahiru8 J
 

ranged from 1~3 mg/L for C18 BAS to 144 mg/L
 
for C13 SAS. Other species of fish had Leso's
 
from 3.1 mglL to 23.6 mg/L. Two studies re

ported a distinat. positive correlation between :[

alky 1, chain length and toxici ty.
 

.1 
From 24-hour acute toxicity tests with the freshwater fish, Phoxinus 

phox;nus. Lundahl and Cabridenc (1978) found the highest LCSO values cor · ] 
responded with the SAS surfactant with the shortest alkyl chain length; 

j
i.e., toxicity decreased with decreasing alkyl chain length (See Table 7-A). 

'J 
2. Invertebrates 

[j 
One studY reviewed in the 1977 Report ob8epved
 
24-hour Leso values for Daphnia magna from 9.1 ·]

mg/L for CD-I? SAS to 282 mg/L for Cl2 SAS.
 
AgainJ toxicity inoI;'eased substantially unth
 
increasing alkyl chain length. ,
 

• •. J 

j 

] 

j 
Arthur DUttle.lnc . I 

286 .. , 



Table 7-A. Toxicitv of Various SAS Surfactants to Aquatic Organisms 

Phoxinus phoxinus Oaphni a magna Chlamydomonas variabilis 
SAS Chain Len~ 24-hr Le50 24-hr EC50 (immob.) 24-hr EC50 (immob.) 

(mg/L) (mg/L) (mg/L) 

- 319 125CW.3 
CU.2 - 133 74.9 
C14 34.5 111 32.4 
CIS 8.5 34.2 15.8 
C16 3.1 30.1 9.4 

- 12.3 3.9C17 
~ - 3.3 3.7co C18.9..., - 6.3 8.4CZO.7 

Lundahl and Cabridenc (1978) 

~
 
~ 

o 
-c: 
~

i> 
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. \ 

,I 
Lundahl and Cabridenc (1978) exposed Daphnia magna to eight SAS compounds 

with varying alkyl chain lengths. The resultant 24-hour EC50 values for immo :1 

bilization ranged from 3.3 mg/L for C18 . 9 SAS to 3.9 mg/L for C10 . 3 SAS (see ,1 
Table 7-A). As noted with several other surfactant classes, increasing SAS 

toxicity is associated with increasing chain length up to a point. However, I 
at the toxicity apparently begins to decrease.C2D .7 , 

:] 
In tests with Daphnia magna and brine shrimp (Artemia salina), Danvila ,1 

(1977) observed decreasing toxicity in Hostapur SAS_60™ solutions over time 

which was attributed to biodegradation of SAS. , I 

, I 
3. Microflora 

:JLundahl and Cabridenc (1978) tested the green alga. Chlamydomonas 

variabilis, for sensitivity to SAS t~unds of varying alkyl chain length. J 
The EC50 values for immobilization ranged between 3.7 mg/L and 125 m9/L with 

increasing toxicity as alkyl chain length increased (see Table 7-A). JC20 .7 
SAS was less toxic than the two next longest chains tested (C18 . 9, C17). sug ,I 

,gesting that SAS surfactants attain maximum toxicity at a chain length approx

imately 17 to 19 carbons. I 
B. Toxicity of SAS to Microorganisms I 

, , 
Growth inhibition was observed in the bacteriwn3 

.J 
Escherichia coU 3 when exposed to SAS in aulture 
plates. The following concentrations of SAS pre jvented the development of more than 5 colonies per 
plate: 20 giL C1lf - 15 SAS; 200 giL C1lf SAS; and 
> 200 giL C13-17 BAS. 

I 
Arthur 0 uttle.lnc . 

288 



BIBLIOGRAPHY 

OANVILA, A. M. 1977. The toxicity of anionics in the biodegradation pro
cess. The behavior of Daphnia magna and Artemia salina in the Guadalqu;var 
River waters and in the Bay of Algeciras. Spanish Petrochemistry (Dec. 1977) 
pp. 1-33 (English translation). 

LUNDAHL. P. and R. Cabridenc. 1978. Molecular structure-biological proper
ties: Relationships in anionic surface-active agents. Water Res. 12:25-30. 

Arthur 0 Little. Inc 
289 



C I 

-I 
v. HUMAN SAFETY 

.J 
The information available for the 1977 Re
port dealing with the human safety aspects 
of BAS Was scant and did not a:Zow any 1 
definitive aonaZu.sioYl8 to be dn:l1JJn regal'ding 
the safety of SAS to man. I
 

,I
 A. Animal Studies 

Acute oral toxici1;y values for BAS l'ange from :1 
about 1000 to 3000 mg/kg in the rat and betlJeen 
500 and 1000 mg/kg for dogs. Skin and ocuZar 
irritation studies with concentrated BAS mater 'I 
iaLs (20-60% active) suggest BAS aN positive 
skin and eye irritants in experimental animals; 
tests with more typical use concentrations are 
unavailable. Application of 10% BAS and subse ·I 
quent challenge gave no indication of sensi ti
zation in guinea pigs. A single report noted 
no toxic effects in rats fed 300 mg/kg/day SAS I 
for 45 days and no indications of adverse effects 
were reported for rats given 100 ppm SAS in their 
drinking water for one year. No data we avail I
able to assesS the chronic omt effect of SAS 
01' their potential. for induction of carcinogen
ic lesions in experimental animals. U 

Acute Toxicity :I-. 
Acute Irritation - Ocular. Skin .jSkin Sensitization 

· Subchronic/Chronic Toxicity 
Carcinogenicity JMutagenicity 
Teratogenicity/Reproduction Studies 

1· 
j 

1 
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No new information has been published with respect to acute toxicity, 

acute ski n and eye ; rri tation I chroni c toxi ci ty, carcinogen; city I mutagen; ci ty I 

or teratogenicity of SAS since the 1977 Report. 

B. Human Studies 

The 1977 Report contained two skin ippi
tation studies conducted with hwnan volun
teers. In a repeated patch test with 0.25% 
SAS~ skin irritation occurped in 16% of the 
test subjects; two 3D-minute applications 
of 0.1% SAS daily for one week pesuZted in 
mf,ld to distinct irritation in 58% and 23% 
of the test individual8~ Pespectively. 

No studies with humans have become available since the 1977 Report. 
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