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ABSTRACT 
Nine anionic detergents from five general classes 

(alcohol sulfates, ether alcohol sulfates, sulfated 
alkanolamides, a-sulfo esters and alkytbenzenesul- 
fonates) were rapidly screened for biodegradabili ty 
under aerobic and microaerophilic conditions in river 
water at 25 and 35 C. In decreasing order, thF ease of 
biodegradation under microaerophilic conditions at 
35C  was as follows: alcohol sulfates, sulfated 
alkanolamides, 0~-sulfo fat ty acid esters and ether 
alcohol sulfates. Linear alkylbenzenesulfonate did not 
degrade. 

I N T R O D U C T I O N  

In past studies this laboratory has reported on the 
biodegradation of some tallow-based surface active agents 
in river water (1), in activated sludge (2) and in a laboratory 
scale activated sludge system (3,4). One study (5)requir ing 
30 days'  experimental  time was conducted in anerobic 
digesters using primary sludge as the source of inoculum. 
Completely anaerobic conditions for biodegradation are 
seldom realized in practice but  are approximated by  
relatively frequent microaerophilic conditions under which 
biodegradation occurs at a low oxygen level of about 1 ppm 
or less. This paper describes the adaptat ion of  the river 
water test for rapidly screening anionic detergents under 
microaerophilic conditions. 

Since approximately one third of the U.S. population 
relies for their sewage disposal on septic tanks, cesspools 
and lagoons that are anaerobic or nearly so, it is of interest 
to study the biodegradation of synthetic detergents under 
microaerophilic conditions using river water as the source 
of inoculum. 

E X P E R I M E N T A L  P R O C E D U R E S  

Materials 

Previous publications by this laboratory have described 
the preparation of sodium hexadecyl  sulfate (6), sulfated 
hydroxyethylpalmitamide and sulfated hydroxypropyl -  
stearamide (7), sodium hexadecyloxyethyl ,  -oxypropyl  and 

1 Presented at the AOCS Meeting, New Orleans, April 1970. 
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FIG. 1. Experimental apparatus used for simultaneous micro- 
aerophilic and aerobic tests. 
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FIG. 2. Effect of oxyethyl group on biodegradation time. 

-oxybutyl  sulfates (8), and sodium methyl and isopropyl 
a-sulfostearates (9). The linear alkylbenzenesulfonate 
(LAS) used was the active ingredient extracted from a 
commercial sample with absolute ethanol. 

Procedure 

The apparatus used is shown in Figure I. Nitrogen gas or 
air was passed into vented 3 liter aspirator bott les at the 
rate of 50-100 ml/min. The bott les were f i t ted with extra 
coarse spargers which dispersed the incoming gas and 
provided continuous agitation to the solutions. Aluminum 
foil was wrapped around the bott les to prevent or minimize 
growth of algae which release oxygen to the system in 
daylight. The effectiveness of a constant flow of nitrogen in 
removing disolved oxygen (DO) from the test solutions was 
easily determined by an oxygen meter (YSI Model 51) 
equipped with a combination probe for measuring tempera- 
ture and oxygen. 

Detergent solutions of 5 or 10 ppm were prepared by 
dissolving the test compounds in 4 liters of river water. 
Duplicate two-liter port ions were tested simultaneously 
under aerobic and microaerophilic conditions at 25 C and, 
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FIG. 3. Biodegradation range of sulfated hydroxyethylpalmit- 
amide. 
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TABLE I 

Per Cent Methylene Blue Active Substance a Reduction in Days 

VOL. 48 

5 ppm 

Aerobic b Mieroaerophilic 

25 C 25 C 

10 ppm 

Microaerophilic 

25C 35 C 

Compound % Days % Days % Days % Days 

Na hexadecyl sulfate 100 1 
C16H33OSO3Na 

Sulfated hydroxyethyl palmitamide 100 2 
CH3(CH2) 14CONHCH2CH2OSO3 Na 

Sulfated hydroxypropyl stearamide 100 2 
CH3(CH2) 16CONHCH2CH(CH3)OSO3Na 

Na hexadeeyloxyethyl sulfate 100 2 
CI 6H33OCH2CH2OSO3Na 

Na hexadecyloxypropyl sulfate 100 2 
C 16H33OCH2CH(CH3)OSO3 Na 

Na hexadecyloxybutyl sulfate 100 3 
C16H33OCH2CH(C2H5)OSO 3Na 

Na methyl 0t-sulfostearate 1 O0 3 
C16H33CH(SO3Na)CO2CH3 

Na isopropyl 0t-sulfostearate l O0 3 c 
C 16H33CH(SO3Na)CO2CH(CH3)2 

Linear alkylbenzenesulfonate d 100 -/e 

100 3-6 100 9-10 

100 3 100 8-10 

100 14 100 11-15 

25 11 25 17 

0 11 0 17 

0 II 0 11 

0 11 0 l l  

0 l l  0 14 

0 10 0 18 

100 

100 

100 

70 

23 

20 

100 

tO0 

0 

3-4 

5-6 

9-11 

17 

17 

11 

11 

7-9 

18 

a100% reduction = zero MBAS. 
bNo difference in time at 10 ppm. 
CSix days at 10 ppm. 
dlsolated active ingredient from a commercial linear alkylbenzenesulfonate. 
eNine days at 10 ppm. 

similarly, under  microaerophi l ic  condi t ions  at 25 and 35 C. 
An incuba tor  was used to  mainta in  the  solut ions at 35 C; 
the 25 C exper imen t s  were subject  to f luc tua t ions  in r o o m  
tempera tu re .  

Each test  series was accompan ied  by  a blank consist ing 
of  river water  wi th  no added  de tergent  and by  a con t ro l  
consist ing of  sod ium hexadecy l  sulfate in river water .  
A l though  the  dispersed f low of  gas effect ively agi tated the 
solut ions,  it was found  to  be necessary to  shake each 
solut ion tho rough ly  before  removing a sample for  analysis; 
o therwise ,  low results  were  ob ta ined  because of solubil i ty 
or foam f rac t iona t ion  prob lems .  The dispersed f low of  gas 
somet imes  caused excessive foaming,  which  was cont ro l led  
effect ively by an inert  silicone an t i foam spray. 

Before use, the  river water ,  ob t a ined  f rom the  Schuylkil l  
River at Fa i rmoun t  Park, Philadelphia,  was al lowed to  s tand 
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FIG. 4. Biodegradation range of sodium methyl and isopropyl 
O~sulfo-stearates. 

overnight ,  t hen  f i l tered t h r o u g h  glass wool.  The course of  
b iodegrada t ion  was fo l lowed by  analysis for  me thy l ene  blue 
active substance (MBAS) using a Techn icon  Autoanalyzer .  

RESULTS AND DISCUSSION 

Dissolved Oxygen 
Usually af ter  1 hr o f  sparging n i t rogen  th rough  the  

solu t ions  the  dissolved oxygen  c o n t e n t  was less than  0.5 
p p m  and,  af ter  2 hr,  about  0.2 ppm.  The reliability of  the 
sensor readings was checked  by compar ing  wi th  results  
ob ta ined  by the  t ime consuming  s tandard  Winkler Azide 
m e t h o d  (10). Results  ob ta ined  by  the Winkler m e t h o d  were 
invariably less than  those  ob ta ined  by the  oxygen  meter ,  
indicat ing tha t  the mete r  readings t e n d e d  to  be high at low 
concent ra t ions .  Reyno lds  (11) has subs tan t ia ted  the  
reliabili ty of t he  oxygen  sensor  as an analytical  tool .  
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FIG. 5. Biodegradation range of LAS. 
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Aerobic Biodegradation 
All of the tallow-based detergents degraded to zero 

MBAS (100% reduction) in 1 to 3 days at 5 and 10 ppm, 
except sodium isopropyl a-sulfostearate which required 6 
days at 10 ppm. The results are shown in Table I. Sodium 
hexadecyl sulfate had the fastest biodegradation time. The 
aerobic data correlate well with previous work (4) but show 
little difference between detergents except the much 
greater time required by LAS. 

Microaerophilic Biodegradation 
Microaerophilic conditions at 25 and 35 C revealed in 

finer detail the effect of structural differences on bio- 
degradation (Table I). The straight chain alcohol sulfate had 
the fastest biodegradation time under all conditions. 

Sodium hexadecyloxyethyl, -oxypropyl and -oxybutyl 
sulfates degraded only partially; the branched chain com- 
pounds degraded least. The effect of substitution is 
illustrated in Figure 2 which compares the range of 
biodegradation for sodium hexadecyl sulfate and sodium 
hexadecyloxyethyl sulfate at 10 ppm. 

The sulfated alkanolamides nearly equalled sodium 
hexadecyl sulfate in ease of biodegradation; however, the 
brached chain hydroxypropylstearamide took the longest 
time to degrade. The effect of conditions is illustrated in 
Figure 3 which shows the biodegradation range for sulfated 
hydroxyet hylpalmitamide. 

Surprisingly, sodium isopropyl a-sulfostearate degraded 
faster than the methyl ester at 35 C. The biodegradation 
range for these esters is illustrated in Figure 4. 

LAS did not degrade under any of the microaerophilic 
conditions. Figure 5 illustrates the biodegradation range for 
LAS. 

Biodegradation times for the surfactants reported in this 
paper show the relationship between molecular structure 
and ease of biodegradation under aerobic and microaero- 
philic conditions. The present method is much shorter, just 
as reproducible and possibly more realistic than existing 
methods. 
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