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T A B L F X
Detergency- -Average R d Reflec tance V a l u e s

U .S . T e s t i n g

5 0 p p m
1 5 0 p p n l
2 0 0 p p m

T e s t F a b r i c s
5 0 p p m

1 5 0 p p m
2 0 0 p p n l

1 - P h e n y l 2 - P h e n y l 6 - P h e n y l 7 - P b e n y l

31. 3 2 . 9 3 5 . 1 3 6 : 4

I 4 3 . 2 4 4 . 1

4 4 4 i i

S t d ABS

3 0 . 3
3 6 . 6
3 6 . 6

4 2 . 8
4 4 . 3
4 4 . 1

B.

s e b u m foam test t h a t follows because it had no
init ial foam.

The 2- and 3-phenyl compounds had a lower
init ial foam height which collapsed quickly
u n d e r the init ial sebum soil additions. The 4-
phenyl had an intermediate foam pat tern
whereas the 5- and 6-phenyl compounds were
e q u a l to standard a t 500 mg soil load and the
whole foam pat tern closely resembled that the
standard. Fo r a detailed analysis of the sebum
soil and sinlulated dishwashing tests, refer to
tile work of W. Stlang]er (4) of our laboratories.
Detergency Studies
Detergency was measured as the increase in re-
flectance af te r washing U.S. Testing and Test
Fabric soiled cloths ill a Terg-()-Tometer a t
0.15% conch, 6 swatchcs/liter, 10 rain a t 120F
and 1()0 rpm. There was significant increase
(1.2 uni t s is signifi(:ant at 95% confidence level)
in detergency fo r the 6- and 7-phenyl te t ra -
decylbenzenes as compared to the 1- and 2-
pheuyl tetradecylbcnzenes. This is illustrated
in Table X.

We have establishe(l that the in terna l 5- and
6-pheny] isomers are better foamers in mixed

chain alkylates than tile J-,2-,% and 4-isonlers.
We have shown that the performance of tri-
deeylbenzene sulfonatc ( A B S ) can be matched
in detergency and foam performance by opt i -
mizing l inear alkylate structure. This structure
should be in the tool wt area of 252-266 with
90% of the carbon chains being C12, C13 and
C14 and with less than 10% Cll or C~5 and
should have a p p r o x 40% 5- and 6-phenyl con-
tent and 20% 2-phenyl content.

We have also shown that in the pure te t ra -
deeylbenzene series of isomers, those with the
phenyl centrally located on the chain are ca.
50-80% b e t t e r foam performers than the 2-iso-
mer. Similarly, the detergency using standard
soiled cloth is also better fo r the in terna l
isomer.
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An Evaluation of the River Die-away
Studying Detergent Biodegradability

Technique for

E. A. SETZKORN, R. L. H U D D L E S T O N and R. C. A L L R E D , Continental Oil Company,
Research and Development Department, Ponca City Oklahoma

Abstract
Tile accuracy slid reI)rodueibility of the r iver

die-away test has IlOt been well defined. This in-
formation is required to (,stablish the val idi ty of
observe(I differellees ill degradation behavior.

The present p a p e r presents data on Ill(' ac-
curacy and repcatability of the mcthylene blue
analylical procedure using both the standard
method and tile automated "AutoAnalyzer" ver-
sion of the methylene blue nlethod.

Data are also presented showing rel)rodncibility
of the biodegradation curves obtained by replicate
analysis of a single detergent u n d e r l) identical
die-away conditions, and 2) different conditions
obtained by die-away studies in various r iver
waters.

Tile effect of detergent reel w! and mi{.robial
adaptation to the test substance on the degrada-
lion pat tern is also discussed.

Introduction

D E T E R G E N T B I O I ) E G R A D A T I O N S T U D I E S have been re-
ported utilizing a var ie ty of biological test sys-

tenls. Generally, however, these systems may be
classified as e i the r static or dynamic. Recent efforts
in the development of dynamic systems have been
directed toward the development of apparatus and
l}rocedures that are simple to maintain and operate
ill an average laboralory. These dynamic uni t s are
operated on the continuous feed t)rinciplc, designed
to simulate conditions in an activated sludge type
sewage plant.

The r iver dic-away technique is an example o f the
static type biological system, and has been extensively
used in detergent biodcgradation studies. This test
have several advantages over o t h e r biodcgradation test
systems. These include the experimental test simplic-
i ty and thc low solids content of the system which
facilitates isolation, o r other analytical techniques
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T A B L E I
A n a l y t i c a l D e v i a l i o n of the S t a n d a r d M e t h y l e n e B l u e M e t h o d

I.AS in: Replicates Average value Standard devi-
(ppm) ation ( p p m )

D i s t i l l e d w a t e r ......... 6 8 . 6 2 0 . 3 6
D i s t i l l e d w a t e r ........ ' 6 0 . 4 2 0 . 0 0 5
R i v e r w a t e r . . . . . . I 1 5 9 . 3 5 0 . 3 5

which wouht be hampered by the high organi(, nutriellt
h.vel of other systems.

The accuracy and reproducibility of the degrada-
tion patterns obtained by this technique, however,
have not been reported in the literature. Without this
knowledge it is difficult t o a.uscss the signitieanee of
differences in degradation curves obtained by the
river die-away te.chnique. The interpretation of re-
sults from the test are complicated by large biological
deviations which we define as variations between test
.jars not due t o analytical measurement or detergent
adsorption. Such biological deviations may be il,-
ilirectly produced by the devehlpment of minute
l,hysieal or chemical differences between jars, or nlore
directly, to microbial genetic changes. Whi l e the a(I-
sorption of detergent (;an be fairly large, we have not
foun(t this factor t o be significantly different between
test jars of the same geometry and type of material.

,qillce the well known environmental factors re-
ported by F u h r m a n et al. (8) which do affe(.t biodeg-
ra(iation l)atterns were held coustant in our studies,
we conclude that these factors did not affect our bio-
degradation resnlts.

The (leviations observed in this study are particu-
larly serious when degradation results in r ega rd t o
both detergent di~pl)carance and the shape of the
degradation curve are to be compared between physi-
cally different rivers.

Previous detergent degradation studies have dem-
imstraled the importance of microbial adaptation t o
specifi(~ structures when evaluatittg degradation pa t -
terns 11,2,3). The data t,) be presented will show the
ilnportanee (if this parameter in the river die-away
I est.

T A B L E I I I

B i o d e g r a d a t i o n o f L A S i n V a r i o u s

Days
R i v e r

I)

O h i o . . . . . 2 1 . 5
M i u s i s s i p p i . . . : 21 7
W a b a s h . . . . . . . . . . . . . 2 2 . 0
M i s s o u r i 2 I. 1
K a s k a s k i a . . . . . . . . . . . . 21.1
A v e r a g e v a l u e , p p m . . . . . 2 1 . 5
S t a n d a r d d e v i a t i o n , p p m ........ 0 . 3 9

R i v e r W a t e r s

of i n c u b a l i o n
( v a l u e s i n p p m )

11 1 4 13 3 2

16.1) 8 . 5 4 . 9 0 . 3
15.3 11.3 6 . 6 1.2
16.3 15.3 5.1 0 . 9
1 5 . 5 11.3 3 . 5 0 . 3
.16.7 1 3 . 5 4 . 9 0 . 6
1 6 . 0 1 2 . 0 5 . 0 0 . 6 ~

0 . 5 8 2 . 6 1.1 0 . 4 3

Experimental Methods
The requirements for the operation of a detergent,

die-away study are very simple. Briefly, the test in-
volves a d d i n g a specific quantity of the detergent test
substance to a sample of r i v e r w a t e r contained in a
glass jar aud allowing the solution t o incubate at
room temp. Degradation of the detergent is then
measured by some suitable analytical procedure.

The studies reported in this paper utilized waters
from the Mississippi, Missouri, Ohio, Wabash, Kas-
kaskia and Arkansas rivers. In conformity with stand-
ard practice, not more than 24 hr elapsed between col-
lection of lhe samples and initiation of the tes t .

The straight-chain alkyl benzene sulfonates used
ill our studies were prepared in our Petrochemical
Ri,seareh laboratories both by alkylation of benzene
with art a-olefin or by alkylation with a straight-chain

T A B L E I I

A n a l y s i s of R i v e r W a t e r s U s e d in D i e - A w a y S t u d i e s

] l ) . O .a I C . O . D .b S u s -

. ~ - 3 ] - 1 0 . . . . - - - - 5 30 0 0 ' -"29--~.~-1 solids
O h i o 1.1
M i s s i s s i p p i : 0 a ! 1 : 0 ] 1 7 t ~ : 0 0 0 [ 7 . 45 . 9 18.4 0 . 7
\V;d)asb .05 0 . 7 I 2Ofl.OOO I 7 . 6 19.3 0 . 8
M i s s o u r i . 0 5 1.:,) : 1 1 8 . 0 0 1 ) ' 7 . 5 ' 34.1 1 . 2
K a s k a s k i s 0 I 0 . 8 i 5 0 . 0 0 0 7.1 2 ~ 1 2 . 5

a D i s s o l v e d oxygen.
~' Chenlicai o x y g e n deman(I.

C h l o -
r i d e

( p p m )

3 0
3 0
3 0
3 0
3 3
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('hloroparaflin. [n either case, an alkylll(,nzene is
produced with an unbranched carbon side chain,
which yiehls the straight-chain alkylbenzene sulfo-
nate up(m reaction with oh,urn or S()a. These new
materials are becoming known as I,AS detergents,
abbreviated from the term Linear Alkylate Snlfonate.

In our studies, the r i v e r wat('r was a d d e d t(i half-
gallon Mason fruit jars and suffi(.ient detergent a d d e d
to provide all al)prox 10 p p m ('olmn. A f t e r the ad-
dition of a magnetic stirring bar, the jar lids were
loosely fitted and the solutions allowed t o incubate
at room temp 125C).

At sampling intervals, ordinarily daily, the solu-
ti()llS were thoroughly mixed by means of a magnetic
stirrer and an appropriate aliquot renloved for analy-
sis by the standard methylene blue ('oh)rimetric
niethod (4).

Samples for the AutoAnalyzer were removed and
diluted volumetrically t o approx 2 p p m t o provide
the desired response u s i n g the Technieon large voI-
unle sampler. As the degradation progressed t o 2
llpm and below, samples were analyzed directly with-
out (tilution.

The effect of microbial adaptation was studied by
(h,tergent readdition a f t e r the original conch had de-
creased h) 0".5 p p m or less.

Results and Discussion
Analytical Deviations-----Standard Methylene Blue

Method. The standard deviation of the standard
Inethylene blue analytical method was determined by
replicate analysis of distilled water solutions of deter-
gent at about 10 p p m and 0.5 ppm, and also at, about
10 p p m in a r i v e r w a t e r medium.

The results are shown in Table ]. These findings
are generally in good agreement with the valnes re-
ported in " S t a n d a r d Methods for the Examination
of W a t e r and Wastewater" (4).

Biological Deviation--Standard Methylene Blue
Method. The reproducibility of the r i v e r die-away
technique itself was studied in two different experi-
ments. In the first s tudy, five geographically different
river waters were obtained and a standard detergent
a d d e d to each r i v e r as substrah' for the die.-away
experiments. The standard methylene blue method
was used for the detergent analyses. The initial char-
acteristics of the five r i v e r water sampll,.~ are shown
ila Table II.

The biodegradation patterllS of an I~AS surfaetant
in the five r i v e r waters are shown in T a b l e i l l . The

T A B L E IV
A n a l y s i s o f F i v e L o t s of M i s s i s s i p p i R i v e r W a t e r T a k e n f r o m t h e S a m e

• S a m p l i n g P o i n t a t 1 5 - M i n u t e i n t e r v a l s

W a t e r H D O C O I) M B A S B a c t e r i a l
_ .san_iple No. !__.P_. . . . .( p p m ) _. (ppm) (_p.pm) count/ml

1 ......................... ] 7 . 9 2 . 7 3 0 . 0 6 6 0 , 0 0 0
2 ....................... ;4.(} 3 . 0 [ 3 0 . 1 2 5 6 8 0 0
3 . . . . . . . . . . . . . . . . , 7 . 8 2 . 8 J 3(n . 0 7 5 2 . 6 0 0
4 . . . . . . . . . . . . . . . 7 . 7 2 . 6 I 3 0 .10 2 7 , 8 0 0
5 ........................ 7 . 6 2 . 6 I 3 0 •1:1 2 5 , 4 0 0
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T A B L E V

B i n d e g r a ( l a t i o u of L A S i n V a r i o u s L o t s o f M i s s i s s i p p i R i v e r W a t e r

Days of i n c u b a t i o n
:l I 1 M W L A S ( v a l u e s i n p p m )

0

1 0 . 0
1 0 . 0
10.0
1 0 . 0
10.0

3 5 1 0 1 7 2 4 :l 8

2 . 8 0 . 9 0 0 . 7 5 0 . 1 9 0 . 2 ~ 0 . 2 0
6 . 2 .91 .77 . 4 2 .26 . 2 3
7.;~ .~0 . 6 3 . 3 9 . 2 0 . 1 9
6 . 6 . 9 1 . 6 9 .61 . 2 0 . 2 0
8.2 . 9 8 . 6 7 . 4 4 . 2 1 . 2 1

6.:1 . 9 0 .70 . 4 7 .2;I .21

2.1 .(',7 .06 . 0 9 .04 . 0 2

R i v e r w a t e r No.
1 . . . . . . . . . . . . . . . . . . . . . .
2 . . . . . . . . . . . . . . . . . . . . .
3 . . . . . . . . . .
. t . . . . . . . . . . . . . . . . . . . . . . . . . . .

5 ........................
A v e r a g e v a l u e ,

p p m . . . . .
S t a n d a r d d e v i a -

t i o n , p o m

:167 M~V LA,q I
R i v e r w a t e r No.

i ........................ 10.0 . . . . . 9 . 0 2 . 7 0 . 6 5 0 . 1 5
2 . . . . . . . . . . . . . . . . . . . 1 0 . 0 . . . . . 8 . 8 :1.3 1 . 7 . 3 7
3 . . . . . . . . . . . . . . . . . 1 0 . 0 . . 8 . 4 1.7 0 . 9 7 . 3 4

...................... 1 0 . 0 . . . 9 . 3 2 . 3 1.1 . 2 9

5 . . . . . . . . . 1 0 . 0 . . . . . . . . 9 . 8 1 . 3 0 . 6 4 . 3 2
A v e r a g e v a l u e , ]

p p m .... ! . . . . . . . 9 . 1 2 . 3 1.0 . 2 9
S t a n d a r d d e v i a -

t i o n . l)i)m . . . . . . . . 5 3 . 7 9 .43 . 0 9

degradation patterns do not a p p e a r to be specifically
eorrelative with a n y of the IIhysical properties of the
r iver waters shown in Table If.

The data in Table Ill shows a standard deviation
of the s ta r t ing concentration whieh is in good agree-
men1 wilh 1he analyl ieal deviation shown in Table I.
The eleventh day nlarks the end of (lie in(tuction or
lag period fo r this (tetergent anti 1his point is re-
fleeted reasonably well in all five rivers with a stand-
ard deviation of (}.58. Ih)wever, the high (2.6) stand-
ard deviation found a t 14 days dur ing the. aetiw~
per iod t)f degradatiou prevents an accurate drawing
of the shape and slope o f the biodegradation curve.
( I reater sampling freltueney would nt)t t)(' benefieial
since lhe deviation a t 18 days (5 p p m average level)
is still quile high. A t 32 days the standard deviation
o f 0.43 a t the 0.7 !)pro level is fa r h ighe r than the
aPl)r(lx analytic,al deviation (if 0.01 p p m at this gen-
eral level. In terms of percentage (tetergent remain-
ing a t 32 clays in the various rivers, the range is
from 1.4% in the Ohio River t(1 6.0% in the Missis-
sippi River.

The data in Table l [ [ indicate t h a t a eonsistent pro-
file of the bio(legradation o f the par t icular su r fae tan t
could not be <lrawn from its behavi(lr in ally single
r iver in a r iver die-away test.

The reproducibility of |he r iver die-away leehllique
was also studied by replicate analyses from five dif-
ferent lots of Mississippi River water . Each individ-
ual lot of wa te r was drawn from tile same I)oint ill
the r iver a t 15-nlin intervals. Two linear alkylate
sulfonate samples, one with a n average equival(,,lt wt
of 344 and the o t h e r 367, were a d d e d as substrates in
the ensuing r iver die-away study.

A par t ia l analysis o f the five lots (if r iver wa te r is
shown in Table IV.

The biodegradation pal ierns of the two lim,ar alkyl-
ate sldfonate samples in the different lots of Missis-
s i pp i wa te r are shown in Table V. The standard
methylene blue nlethod was used fo r 1he detergent
analysis.

T A B L E V i i

C o m l ) a r i s o n of L A S B i o d e g r a d a t i o n - - R e p i l c a t e T e s t s i n I d e n t i c a l a n d i n
D i f f e r e n t R i v e r W a t e r S a m p l e s

Days of i n c u h a t i ( m

V~ratcr _ _ 4 I 5 _ _ i 6

N T e s t r e p l i c a t e No.s a m p l e Tes~" repl_icate No._ . --Test. r e p l i c a t e o.__

1 2 :~ I I 2 , 2 3

1 8.1 7 . 7 8 . t ,i 7 . 9 6.2 7 . 4 5 . 8 0 . 9 2 0 . 4 9
2 7 . 8 7 . 6 7 . 7 ~ 5 . 2 7 . 6 7.3 . 4 2 2 . 4 4 . 4
3 7 . 7 8 . 0 7.#, : 7 . 4 7.1 7 . 0 5 . 8 1.2 5 . 7
4 7 . 8 7 . 8 8 . 0 7 . 3 7 . 4 5 . 9 . 5 3 2 . 0 .5:1
5 8.1 8.1 8 . 0 ! 7 . 7 7.4 7.1 5 . 4 5.0 .59

T A B L E V I

A n a l y t i c a l D e v i a t i o n o f t h e M e t h y l e n e B l u e A u t o A n a l y z e r M e t h o d
( L A S i n d i s t i l l e d w a t e r )

A v g f o u n d S t a n d a r d
( A d d e d p p m ) i R e p l i c a t e s ( p p m ) d e v i a t i o n

0 . 5 . . . . . . . . . . . . . . . . . . . . 15 0 . 5 3 0 . 0 6
1 . 0 . . . . . . . . . . . . . . . 15 1 . 0 0 . 0 4
2 . 0 ................... 18 2 . 0 0 . 0 6
5 . 0 .................... 5 4 . 7 0 . 4 1

1 0 . 0 . . . . . . . . . . . . . . . . . 5 9 . 9 0 . 1 8

The standaM deviation of the vahles obtained from
the biodegradation study ill the five lots of Mississippi
River wa te r are much bettor for the 344 MW sulfonate
than the data obtained when geographieally different
r iver waters were used, as shown in Table [[I, excepi
dur ing tile third clay portion of the degradation curve.
Itowever, the pat tern o f the 367 MW sulfonate in the
five waters is ragged lhroughout the l0 to 38-day
period shown, with deviations far ill excess of ana-
lytical deviations a t comparable (tetergent levels.

A n a l y l i c a l Dev ia t io~- -AutoA nalyzer Methylene
Blue Method. The aeeuraey and repeatability of the
AutoAnalyzer ntethylene blue meth(ld was determined
from replicate analyses of detergent in distilled wate r
and also from triplicate analyses of each test jar ill
a standard r iver die-away study.

T a b l e V [ s h o w s a s u m m a r y of t h e a n a l y s i s o f d i s -
t i l l ed wate r solutions of l inehr alkylate sulfonate using
the methylene blue AutoAnalyzcr method.

The above findings generally agree with the stand-
ard deviations obtained by the standard manual
,nethylene blue method, except the deviation at the
5 p p m level which is larger than expected.

The reproducibility of the r iver die-away test and
also the analytical repeatability were studied in an
experiment utilizing the methylene blue AutoAnalyzer
method and samples of Arkansas River Water .

Five lots of wa te r were drawn from the same point
in the r iver a t 10-rain intervals to provide five dif-
ferent wa te r samples. Three aliquots o f wa te r were
removed from each o f the five. different wa te r samples
and added to Mason fruit jars fo r the typical r iver
die-away test.

Thus a t o t a l of 15 sample jars was prepared from
the five wate r sam]lies, allowing a test lo test compari-
son to be made between the three jars containing
identical r iver water , and a study of wate r sample
variation to be made by eomparing the biodegradation
l)atterns between the five different waters.

Analytieal repeatability was oblained by a tripl icate
analysis of each test sample jar. Each o f the five r iver
waters was also analyzed in tripl icate providing 60
samples fo r eacll analysis cycle and resulting in a total
of 600 samples dur ing the l0 days o f the study.

In brief, the experiment eonsisted o f tr ipl icate tests
(o r ja rs ) from each of the five different r iver wa te r
sa,nph,s, eaeh test (o r jar) analyzed in triplicate.

T A B L E V I I I

S t a n d a r d D e v i a t i o n for I n d i v i d u a l O b s e r v a t i o n s of R i v e r W a t e r , T e s t
R e p l i c a t e a n d A n a l y t i c a l P a r a m e t e r s i n L A S B i o d e g r a d a t i o n

I n c u b a t i o n ( d a y s ) L A S c o n c n R i v e r
( p p m ) w a t e r a

l .........................
4 . . . . . . . . . . . . . . . . . . . .
5 ...........................
6 ..........................
8 . . . . . . . . . . . . . . . . . . . . .

8
8

5 - 8
0 . 4 - 6
0 . 3 - 0 . 6

i A n a l y t i -
i T e s t h cal e

0 . 2 9 0 . 2 5 0 . 2 2
0 . 3 4 0 . 3 2 0 . 3 2
0.8,3 0 . 8 3 0 . 2 4
2 . 3 2 . 3 0 . 1 4
0 . 1 2 0 . 0 7 0 . 0 3

a D i f f e r e n t r i v e r w a t e r s ; o n e t e s t ; o n e a n a l y s i s f o r each w a t e r .
D i f f e r e n t t e s t ; o n e r i v e r w a t e r ; o n e a n a l y s i s f o r each t e s t .

¢ A n a l y t i c a l d e v i a t i o n for o n e t e s t a n d o n e r i v e r w a t e r .
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Tabie V I I shows the results of the four th , fifth
and sixth days of the r iver die-away s t u d y as described
above.

A statistical summary of the da t a in Table V I I is
shown in Table V I I I .

The 5- and Gday values are shown to be identical
fo r the r iver wa te r and test columns since a t these two
points the var ia t ion between test jars in the same
river wa te r was grea te r than the var ia t ion between
different wa te r s , which is contrary to the statistical
model used fo r the above calculations.

The above da t a again show large deviations in the
active portion o f the biodegradation curve even among
replicates o f the same water , as shown b y the 2,3
value u n d e r the sixth test day, compared to the 0:14
analytical deviation fo r this per io&

However, if the shape o f the ac t ive portion of the
curve is not o f prime interest, the above da t a would
be useful as a measure o f disappearance o f the deter -
gent since a t 12 days (not shown) all tests in each
o f the five waters had reached a disappearance level
between 94 and 96%.

Microbial Adapt~tion. Another very important pa-
rameter o f the test is the effect o f microbial adap ta t ion
to the test substance. M a j o r differences in init ial bio-
degradability between some surfactants can become
insignificant following a per iod of microbial adapta-
tion. Some evidence t h a t nficroorganisms a d a p t e d to
l inear alkylate sulfonates are simultaneously adapted
to lower tool wt hDmologs b u t not to h ighe r tool wt
homologs poses a n interesting question a n d merits
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Fro. 2. Degradation of ini t ial and subsequent eross~additiDns
of straight-chain LAS in Mississippi River water.
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~I(~. 3. Biodegradation of six poss ib le dodecylbenzene sulfo~
hate phenyl pos i t ion isomers in Miss i s s ipp i R.iver water.

fu r the r s t u d y o f microbial adaptation to such s t r u c -
tures.

A tool wt effect is usually evident in a regular r iver
die-away study similar to t h a t shown in Table V where
the da t a indicates the 344 MW sulfonate began de-
grad ing in fl~ree days, while 10 days were required
before the ini t ia thm of a n a t t ack on fhe 367 MW
sulhmate . Readdition of these two detergents to the
same jars shortened the induc t ion time of t h e 344 MW
compound by only about one day, b u t a very large
effect was observed with the 367 M W material. The
induction time of the la t te r compound was reduced
to a b o u t two days, practically equivalent to the 344
MW sulfonate.

This phenomenon was fur the r :investigated utilizing
a n isomeric mixture of straight-chain decyt, dodecyl,
tetradccyl a n d hexadecyl alkylbenzene sulfonates.
These compounds were prepared b y alkylat ion of
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FIQ. 4. Biedegradation of the mixed isomer (~-olefin derived
dodeeylbenzene su]fonates and 0£ fln~ 2,3,4,5 and 6 phenyl dos
decane isomers .



830 T H E J O U R N A L OF Ti lE A M E R I C A N O I L ( ~ 2 I - t E M I S T S ~ ~ O C I E T Y VoL. 41

benzene with a pure ¢-olefin, followed by snlfona-
t ion , neutralization and purification. This nlethod o f
preparation produces all possible phenyl positional
isomers except the 1-phenyl alkane. The la t te r com-
pound was prepared by a special organic synthesis.

About 10 p p m of each of these compounds were
a d d e d to a portion of Mississippi River wa te r and the
biodegradation allowed to proceed to ca. 95% comple-
t ion . A t this point, 10 p p m o f f resh sample was re-
a d d e d to its or iginal jar and the degradation moni-
tored as before. The results are shown in Figure 1.

The adaptation step had a moderate effect on the
Clo and C12 compounds, b u t a very large effect on
the C~4 and C16 compounds, shown in the la t te r two
cases by a much shorter induction time and a reduc-
tion in the 95% degradation time from 16 to 5 days!
Thus, an apparent ly very large difference between
C10 and C12 compounds and C14 and C16 compounds
shown by the usual r iver die-away test was f o u n d to
be a n insignificant difference when microbial a d a p t a -
tion was considered.

A number of cross additions were also studied as
shown in Figure 2. Data in Figure 2 show the regu-
lar degradation pat tern of a Cle and a C~4 sulfonate.
Curves also are shown in Figure 2 from cross addi-
tions of Cl.z, C~ and C~6 straight-chain compounds
af te r init ial degradations had proceeded to 95% o r
more.

When a C~4 compound was added to a jar previ-
ously containing a C~B COml)ound, the indm~tion time
of the C14 was great ly reduced and its 95% degraded
po in t redueed from 16 to ca. 8 days.

The Cle added to a jar adapted to a C16 conlpoulld
resulted in a s l igh t loss in reaching the 95% degraded
po in t ; from fou r days initially to about six days af te r
addition.

The addition of the C~ compound to a jar adapted
to a C1,, compound gave no improvement in the Ct4
induction per iod and only a modest improvement in
the 95% degraded point--f rom 16 to 13 days.

These limited data indicate that microorganisms
adapted to a par t icular carbon chain length are simul-
taneously adapted to lower reel wt homologs but not
to h ighe r molecular weight homologs.

Effect o f P h e n y l Position on, Biodegradation. The
importance of the distance between the terminal alkyl
methyl g r o u p and the benzene sulfonate group in
regula t ing microbial degradation of l inear alkylate
sulfonates has been ci ted by several workers (1,2,5,7).
This r iver die-away s t u d y confirms these observations.

When the, 2-phenyl alkane isomers of octyl, decyl,
(lodecyl and hexadecyl benzene sulfolmtes were sub-
jec ted to r iver wa te r degradation, all were rapidly
decomposed as measured by the standard methylene

blue method. Mid-chaill phetlyl positiol,al isomers of
the samc sulfonates were degraded considerably
slower.

l~iver wa te r biodcgradation patterns of the six
possible phenyl position isomers o f a C12 l inear alkyl-
ate sulfonate are shown in Figure 3. The data indicate
that among these C12 compounds the greater the
distance between the terminal alkyl carbon and the
benzene sulfonate group, the more rapid the biodegra-
dation. However, it at)pears that the presence of mid-
chain phenyl position isomers in a mixture containing
all possible isomers does not significantly retard deg-
radation of the mixture.

Figure 4 shows nearly complete degradation of the
mixed isomers dodecylbenzene sulfonates in five days,
while a t this time level all of the single compounds 5-
and 6-phcnyl dodecane sulfonate and 35% of the 4-
p h e n y l isomer remained undegraded. The 4-, 5- and
6-phenyl dodecane content o f the mixed isomer do-
decylbenzene sulfonate is ca. 50% o f the t o t a l mixture.

However, biodegradation studies involving analysis
by desulfonation-GLC of mixed isomer t)henyl do-
decane sulfonates containing the 2-, 3-, 4-, 5- and 6-
phenyl isomers indicate that the o rde r of biological
a t t a ck is still in the same orde r as shown in Figure 4,
with the 2-phenyl the most readily attacked and the
5- and 6-phenyl the most slowly (7).

Two workers (6) have recently reported that dur-
ing degradation of the 4- and 5-phenyl isomers o f
dodecylbenzene sulfonate, intermediates were pro-
duced that appea red toxic to a soil isolate used in
their study. [n our study using r iver wa te r which
contains a nfixed microbial cu l tu re , bacterial counts
were f o u n d to be essentially identical following degra-
da t ion of each of the six C~2 isomers. This would
indicate the absence of l inear alkylate sulfonate toxic-
i ty to the mixed microbial population normally f o u n d
in na tu re , it should perhaps be mentioned that in-
abil i ty of a microorganism to grow on a par t icular
substrate does not necessarily constitute substrate
toxicity.
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