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Abstract
Tile relat ive biodegradability of several classes

(,f nonionie surfaetants have been (h,tcrmined by
Shake Flask, I)ie-Away and Warburg Respirome-
t e r tests. Analytical techniques used to follow
the degradation processes involved the. measure-
ment of loss of surfaetaut properties (surface ten-
siGn or foamability), eolorimetric deterniinations
and oxygen uptake .~tudies. Nouionic products
prepared from natural ly occurring o r synthesized
s t ra igh t chain hydrophobes were shown ¢o exhibit
a h ighe r degree (if biodegradability than Ilroduets
based upon branched chain materials . A good c o l
relatiolt of da t a by the various analytical tech-
niques was obtained on the straight chain based
products.

Introduction

R ECENT EVENTS IIAVE \VI'I'NESSED VaSt. e h a u g e s ill

the manufac ture , fornmlation and evaluation of
detergent products and their chemical intermediates.
The industry's declared switch from alkylbcnzene
sulfonate (ABS) to l inear alkylate sulfonate ( L A S )
is well known. Equally significant changes are oc-
curr ing in the field of nonionic produets. These
changes result from inereased attention focused on
Abe biologically hard indus t ry work horse - - the

T A B L E I
Products Studied--Arranged by Class

- - - 1. Alcohol ethoxylates
a. Ziegler (straight chain) CI~ ts alcohol + 7-q EO
h. Oxo (branched chaiu) Cla alcohol + 9 EO
c. Natural (straight chain) Cv., alcohol -~- 3 EO

2. Amides
a. C~ diethanolamide
b. C,2-1aamide ethoxylate

3. Alkylphenol-phenol ethoxylatcs
a. Phenol + 9 EO
b. Cg(stralght chain alkylphenol) n- 9-10 :EO
c. C~ (branched chain alkylphenol) ~- 9-10 EO

4. Anionic
a. AIkylbenzene sulionate. Na sal~ (branched)
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TABLE II

Shake Flask Tests
Composition ofBasal Medium

Ammonium chloride ........................................
I)ipotassium phosphate ...................................
Magnesium sulfate ..........................................
Potassium chloride ......................................
Ferrous sulfate ...........................................
Yeast extract ...............................................
l)istilled water . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.00
1.00 g
0.25
0.25 g
0.002 g (Trace)
0.30 g
1.0 liter

branched chain alkylphenol ethylene oxide adduet
family (1).

Each month dur ing the past year , new and differ-
Aug repor ts were issued on the degree of biological
softness or /lardness of nonionic detergents prepared
from st ra igh t or branched chain tlydroi)hobcs. Tills
was not unexpected since different yardsticks were
appl ied to measure degradabi l i ty--as determined by
surface tension or foaming characteristics--in a r iver
die-away test. Within the past few months a t l e a s t
one reference has at)peared to a n analytical procedure
fo r the direct determinat ion of ethylene oxide based
nonionies (2).
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PRODUCT CODE

• ZIEGLER (STRAIGHT CHAIN) C12-18 ALCOHOL + 7-3 EO
• OXO (BRANCHED CHAIN) Cl~ ALCOHOL + ~ EO
• CI2 DIETHANOLAHIDE
o C12-18 At41DE ETHOXYLATE

PHENOL + 9 EO
OC9 (STRAIGHT CHAIN) ALKYLPHENOL + 9-10 EO

~ @C9 (BRANCHED CHAIN) ALKYLPHENOL + 9-10 EO
• BRANCHED CHAIN ALKYLBENZENE SULFONATE

k

"XNN \ \ " ¢ ~

~ k

a 4 6 g *o , 2 / 4 / 6 I I 2 0 2 2 ,14 3 6 Zll So 8 2
OETERSEN'I', I ~ m . i n DISTILLED W A T E R '

Fit;. l .

This paper eonlpares and (tiscusses biodegra(tatioll
results ()f etht)xylatt,(t (3,4) ah',ohol, anlide and alkyl-
phelml types of nOlfionie detergents and of one ABS
anionic detergent by shake flask, rapid die-away and
W a r b u r g Respiromeier techniques. The t)rodllets
studied ill these four ('lasses are shown ill Table I.

Experimental Procedures and Data
Shake Flask T e s t s

Microbial cultures were growl~ and adapted for our
Sill(ties by trausfers ill a nlediunl ('ontaining a total
of' 30 pptn of mixed detergent " f e e d . " The original
culture obtained froth tile Stlap and Detergent Assoc.
was adapted t o a med ium eOlltaildllg 30 ppln of I+AS
prepared front dodeeene-l. This culture was modified
by growth and adaptation in a medium containing
mixe(1 deiergent feed eonsisting of 15 l)pnl of do(tee-
ene-] derived I+AS and 15 plml of (-',0 (branched ehain
alkylphenol) + 9-10 EO or 15 ppm of Ziegler (straight
chain) C~2-ls alcohol + 7-9 EO, all on an active basis.
These mixed detergent adaptations served a dual I)ur-
pose in developin~ cultures for sit(dies with either
anioni(' or nonionic detergents and with " h a r d " or
" s o f t " nonionic detergents.

The basal meditnn con(post(tel, for all adaptive
growth transfers and for detergent biodegradaiion
studies is shown in Table l1. This medium and 30 ppnl
of the test detergent were a d d e d t o a 2-liter E r l e n -
meyer flask and sterilized in an autoclave ai 15 lb
pressure for 15 rain. To develop and maintain adapted
cultures, the basal med ium and 30 p p m of the mixed
detergent (IJAS/alcohol ethoxylate or LAS/alkyl-
l)henol ethoxylate) were treated ill the same nmnner.
The flasks were cooled and inoculated with 10 ml of
microbial culture. Flasks were then incubated on a
Eberbaeh rotary shaker at 220-240 rpm and room
temp (24-26C).

In the above m a n n e r , growth cultures were main-

T A B L F I I I

C o m p a r i s o n of F o a m i n g T e n d e n c y w i t h S u r f a c e T e n s i o n a n d
(3olorimetric V a l u e s

! P e r c e n t s u r f a c t a n t I'emainin,.,"

P r o d u c t a n d p r o c e d u r e I F o a m
I (lilu-

t i o n =

A l c o h o l e t h e x y l a t e s
Z i e g l e r ( s t r a i g h t c h a i n ) C m - l s
a l c o h o l + 7 - 9 E O

A b .............................................
]~ .......................................... 0 . 5
C ........................................... 3 . 0

Oxo ( b r a n c h e d c h a i n ) Cta
alcohol + 9 E O

A .............................................. IB .......................................... i o o

A m i d e s
C~2 d i e t h a n o l a m i d e

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0o
0

C ~ - m a m i d e ethoxylate
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3i

g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
c .............................. '12.5

A l k y l p h e n o l e t h o x y l a t e s
P h e n o l + 9 E O

A ...................................... 0
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C~ ( s t r a i g h t c h a i n a l k y l -
p h e n o l ) + 9 - 1 0 E O

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 5
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 0
C ....................................... 5 0

Co ( b r a n c h e d c h a i n a l k y l -
p h e n o l ) + 9 - 1 0 E O

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 0
B . . . . . . . . . . . . . . . . . . . . . . . . . . . I 0 0
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 0

A n i o n i c
A l k y l b e n z e n e s u l f o n a t e , N a s a l t
( b r a n c h e d )

A ............................................ 50
t~ .............................................. 1 0 0
C . . . . . . . . . . . . . . . 1 0 0

S u r f a c e Colori-
t e n s i o n m e t r i c

1.2 0
1.2 0 . 1 5
1 . 0 0

0 0
0 0
0 0

1 . 7 0
1 . 9 0 . 6 3
5 . 4 0 . ; 1 5

7 8 6 . 4
91 6 8 . 5

3 4 4 3
4 3 3 8
3 7 3 7

6 ~ 6 7
8(I 8 9
8 3 9 l

112 131
1 0 0
I 0 0

" Poam t h r e s h o l d a s s u m e d t o I)e zero c o n c e n t r a t i o n .
h Code : A = D i e away t e s l .

P , ---- S h a k e f l a s k t e s t s u r f a c e t e n s i o n .
C = S h a k e f l a s k test---colorimetric.

lained by weekly transfers. Adal)led cldtures for
biodegradaiion stu(lies were transferred at two 72-hr
Ileriods and tile lest was slarte(I at the following 72-hr
interval. B l a n k samples were run ill a similar m a n n e r
except lhat no det(,rgellt was ad(led to lhe inoeulate(l
medium.

Samples for analytical determinations were taken
immediately a f t e r in(leulatit)n and at 24-hr intervals
thereafter d u r i n g the 7-day test pel'i(~d.

D i e - A w a y T e s t s

Activated sludge was (ibtained from the Austin,
Texas Sewage Treatnlent t)lant and filtered. This
sludge is fronl a t)redonfinanily domeslie source. A
stock solution of the filtered solids was prepared eon-
lathing 10 g of solids/liter of distilled water. This
stock solution was used ill t)rel>aring die-away lesls in
2-quart Mason .jars h a v i n g a detergent eonen of 30
pl/nl. The eomposilion is as follows:

Distilled water 870 ml
Detergent stock sohltion* 30 ml
Sludge stoek solution 100 nil

* 1000 ppm text surfaetant on all ac-
tive basis in distilled water.

The die-away tesl solulions were vigorously agitated
for mix ing and aeration for one rain u s i n g a Teflon
coated stirring bar and a magnetic stirrer. After
samples had been taken for analytical determinations,
the jars were capI)ed and slored in boxes at roonl
tenlp (24-26C). The stirring and sampling proce-
d u r e s were repeated at 24-hr intervals for the dura-
tion of the 9-day test period. B l a n k samples contain-
ing (tistilled water (900 ml) and sludge stock solution
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FIG. 2.

(100 ml) were prepared and sampled in the same
m a n n e r .

Analytical Tests
The progre~s of detergent biodegradation in shake

flask and die-away studies was evaluated by three
analytical procedures.

1. S~r]'aee Te.~sion. Surface tension calibration
curves were constructed from measurements of
known cohen o f the individuM test detergents
in dist i l led water . Subsequently, these cal ibra-
tion curves were used to estimate cohen of de-
tergents in biodegradation studies. All measure-
ments were made a t 25C u s i n g a Du Noiiy direct
reading tenNometer. Standard curves showing
surface tension vMues fo r each o f the products
studied are given N Figure 1.

2. Colorimetric Procedures. Both anionic and non.
ionic detergents were determined by colorimetrie
procedures. The APHA Methylene Blue Method
was followed fo r anionics (5). Fo r nonionie
detergents an ammonium cobaltothioeyanate
complex was compared with t h a t o f a standard
complex of the same nonionic a t a p p r o x 320 mt~.
From this relatim~ship t;he conch of detergm~t
remaining was calculated (6).

3. Foam Thresholds. Foam thresholds were deter*
mined fo r test detergents by a series o f sncee~si,ee
dilutions of 50 ml of solution of known conch
in distilled water . Af t e r each dilution, 50 ml o f
the solution was agitated in a 100-rnl graduated
cyl inder by inver t ing 10 times. Foaming char~
acteristies were evMuated. This di lut ion tech-
nique was repeated unti l the foam threshold
was reached. This threshold was not Nways as
easily recognized, and operators frequently had
di~eulW in reproducing their results. Detergent
conch a t the threshold was determined from the
known s ta r t ing conch and the di lut ion fac to r
to reach the three,hold. Dilut ion factors fo r de-

801
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Fro. 3 .

t e rgen t s in biodegradation studies were evalu~
ated in a similar way a n d compared with those
fo r the unaltered detergents.

Warburg Respirometry Tests
Manometric techniques to deternfine and follow

oxygen uptake dur ing p roduc t biodegradation arc well
known. Details concerning test procedures will not be
given here . Surfae tan t conch used was 30 p p m as iu
the previously described tests. The disadvantages and
advantages o f Warburg testing are recognized and are
d i scu~ed by Swisher (7).

Results and Discussion
Shake F l a s k a n d Die-Away Tests

Foam di lu t ion ,sur face tension and colorimetric da t a
fo r biodegradation studies by rapid die-away and
shake flask tests are presented in Table III. In gen-
eral, fairly good correlation was obtained between sur-
faee tension and colorimetric d a t a . The poorest
correlation was f o u n d dur ing e a s y a n d late stages
in the biodegradation pr0ce~es. A t the high deter -
gent conch studied, small differences are not detected
by sur face tension. On the contrary, very low conch
of detergents exert definite sur face tension lowering.
The biodegradation system may be fur the r compli-
cated by the presence o f surface-active metabolic f rag-
ments that have an effect on sur face tension. The foam
dilut ion technique was f o u n d to be a less u s e f u l
method fo r following the biodegradation proces,s. In
most eases, poor correlation was obtained between the
foam threshold and the sur face tension o r eolorimetric
methods. However, the foam technique readily dem-
onstrated diffcrenecs between high and low detergent
cohen within the 1-30 p p m range.

Alcohol ethoxylates. As shown in Figures 2 and
3, Ziegler (s t ra igh t cha in ) C~ls alcohol + 7-9 EO
was readily biodegraded in e i the r shake flask o r
rapid die-away tests while the oxo (branched cha in )
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C~a alcohol + 9 EO was comparatively ha rd . Bio-
degradation rates fo r the s t ra igh t chain product
were somewhat more rapid in shake flask tests than
in die-away tests. However, similar amt o f biodeg-
rada t ion were indicated to have occurred by the
end of the respective test periods.

A m i d e s . Both the C~ diethanolamide and the
(he-~s amide ethoxylate studied in this series o f te~ts
were biodegraded a t rapid rates. Results o f these
tests are summarized in Figures 4 a n d 5. Again, as
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in the ease with the alcohol ethoxylates, the biodeg-
radation occurred more rapidly in shake flask tests
than in die*away tests. Similar low levels of de-
t e rgen t residue cohen were indicated by the end o f
the test periods. No significant differences were
noted between results obtained using cultures
adapted to e i the r type of mixed detergent feed. Ac-
climatization times varied fo r the two products
tested with slower rates of biodegradation indicated
fo r (he diethanolamide dur ing the early stages o f
e i the r test procedure. Once acclimated, though, this
product was degraded a t a rapid rate to a very low
c o h e n .

A l k y l p h e n o l . p h e n o l e t h o x y l a t e s . Figures 6, 7 a n d
8 present results fo r tests with alkylI)henol-phenol
ethoxylates. As might be expected, C~ (s t ra igh t
chain alkylphenol) + 9-10 EO was f o u n d to be more
biodegradable in e i the r shake f lask o r die-away tests
than was the corresponding branched chain product.
With C9 (branched chain alkylphenol) + 9-10 EO
a somewhat g rea te r amount o f degradation was in-
dicated in die-away tests than in shake flask tests.
This difference was not observed with the s t ra igh t
chain alkylphenol p roduc t where comparable f inal
degradation results were obtained in both tests.
Somewhat erratic results were f o u n d with phe~ml +
EO. It was felt that ne i the r t h e surface tension o r
colorimetric methods were adequate fo r following
this d%~adation process.

The acclimation o f cultures to the mixture o f
detergents containing branched chain nonylphenol
ethoxylate or Ziegler s t ra igh t chain ale(/nol ethoxyl-
ate did not a p p e a r to have a significant effect on
resulks obtained in shake f lask tests with e i the r
product.
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Anionic. Coml)arisons of die-away and shake
flask results fo r alkylbenzene sulfonate, Na salt
(brauehed) are shown in Figure 9. All data in-
dicated this to be a biologically " h a r d " product.
Again, the acclimation o f cultures did not a p p e a r
to have a significant effect on the rate or degree
of degTadation.

Warburg Respirometry Te~ts

in terpre ta t ion of respirometer da t a can be Inade.
in several ways (8,9). Discussion o f these results will
be presented in terms of a five (5) day biological oxy-
gen demand (BOD). Table IV summarizes the re-
sults.

These 5-day figures were obtained a t the completion
of th ree transfers of the activated sludge seed which
had been exposed to the test surfactant fo r a minimum
of 15 days pr ior to each transfer . According to estab-
lished procedure, products with 5-day BOD values in
excess of 0.5 are considered substantially degraded.
These test results do not indicate t h a t any of the
phenol o r alkylphenol--straight or branched chain
ethoxylates---were significantly degraded although
some a t t ack did occur. O the r degradation processes
and detection techniques discussed in this p a p e r in-
dicate degradation of alkylphenol type products to
a grea te r extent than shown here.

A t the time this Warburg work was ini t ia ted , there
T A B L E I V

W a r h u r g R e s p i r o m e t e r T e s t R e s u l t s

I. A i c o h o l ethoxylates
a . Z i e g l e r ( s t r a i g h t c h a i n ) 012-m a l c o h o l ~- 7 - 9 E O ........
b . O x o ( b r a n c h e d c h a i n ) 01~ a l c o h o l Ac 9 E O ..................
c . N a t u r a l ( s t r a i g h t , c h a i n ) C ~ a l c o h o l -t- 3 E O ..............

2 . A m i d e s
a . C ~ d i e t h a n o l a m i d e ........................................................
b. 0 ~ - ~ a m i d e e t h o x y l a t e ...............................................

'3. A l k y l p h e n o l - p h e n o l e t h o x y l a t e s
a . P h e n o l ~ 9 E O .........................................................
b. C~ ( b r a n c h e d c h a i n a l k y l l , h e n o l ) -t- 9 - 1 0 E O ...........
e . C~ ( b r a n c h e d c h a i n a l k y l p h e n o l ) ~- 9 - 1 0 E O ............

4. A n i o n i c
a . A l k y l b e n z e n e s u l f o n a t e , N a s a l t ( b r a n c h e d ) . . . . . . . . . . . . . . .

G r a m s o x y g e n
c o n s u m e d / g

p r o d u c t t e s t e d

0 . 8 7
N o t r u n

1.53

1.7,'t
0 . 7 3

N i l
0.1
Nil

0 . 0 7

I 0
0 I 2 3 4 ~r IS

D A Y ' S

Fu;. 8.

7 f 9

was no klmwn, accurate chemical method fo r the direct
determination of ethylene oxide containing nonionics
in the p p m coneu range . An at tempt wa~s made u s i n g
gas liquid chromatography techniques to identify resi-
due fragments a f te r test in the Warburg apparatus.
Our efforts in this direction ceased when it was estab-
lished that the or iginal 30 p p m sur fac tan t solutions
would not respond to the chromatographic conditions
employed.

C o n c l u s i o n s

Products based upon natural ly oecurril~g materials
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o r based upon synthesized s t ra igh t chain materials
exhibit the greatest degree o f biodegradability in N1
tests r u n . Varying degrees of indicated degradation
can be obtained from specific tests on products pos-
se~ ing unknown o r doubtful degradation structures.
Branched chain materiMs continue to show grea tc ,t
resistance t o degradation.

Attempts to develop acclimated microorganisms to
specific structures (i.e., branched chain detergents)
did not significantly change biodegradation rates. The
acelimatio:n time u s i n g two 72-hr transfers may not
have been sufficient.

Ethylene oxide derivatives of amides a n d s t ra igh t
chain alcohols biodegraded to a substantial degree in
all tests.
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Oxide" Relationship
of to Biodegradability
E. C. STEINLE, 1L C. MYERLY and C. A. VATH, Union Carbide Corporation, Chemicals Division,
Research and Development Department, South Charleston, West Virginia

Abstract
Anionic e{hoxy sulfate and nonionic ethoxylate

surfaetants were prepared from the following
straight-chain hydrophobes: fa t ty o r Ziegler pri-
mary alcohols, oxo alcohols der ived from straight-
chain olefins, secondary straight-chain alcohols
and straight.chain alkylphenols. These were
studied to relate biodegradability to tbe following
elements o f s t ruc tu re : the nature o f the connect-
ing link, its position o f attachment to the h y d r o -
phobe, the chain leng th of the hydrophobe, and
the length o f the ethylene oxide chain used. Pre-
viously described methods were used to estimate
both ra te and eompleteness of degradation in
r iver wa te r as well as activated sludge environ-
ments.

Data are presented to suppor t the following
conclusions,

1) All surfactants derived from straight-chain
primary and secondary- alcohols are rapidly and
completely degraded with loss o f su r fae tan t p r o p -
erties. The leng th of the ethylene oxide chNn
from zero u p to ten uni t s has no effect on the
ra te o r the completeness o f degradation. In such
surfactants, the ethylene oxide chain is com-
pletely deg~,~.ded.

2) In contrast, surfactants from straight-chain
alkylphenols are not as rapidly o r as completely
degraded as those deseribed above. The position
of attachment of the phenol r ing to the straighl(-
chain has a large effect on degradability; normal
o r primary a t tachment leads to a f a s t e r ra te of
disappearance tihan secondary attachment. Non-
ionic surfactants from straight-chain alkylphenols
containing ten to twelve moles o f ethyIene oxide
are not completely degradable.

Introduction
W i t n E z ¢ TInS PROJ~:CT was started several years

appea red evident t h a t surfactants which wereag°:
not biodegradable were in fo r a siege o f bad publicity

aml poor reputation, deserved o r not. The manufae-
lurers of detergent products t h r o u g h the Soap and
Detergent Assoc. had produced evidence that deter-
gents were not a major pollution problem (1). Yet
the sweep o f bad publ ie i ty sustained b y the presence
o f tell-tale foam has carr ied the count ry along the
road toward restrictive legislation. Af t e r nmeh ef-
for t , the manufacturers of alkylbenzene sulfonate
are now able to offer a wide range of l inear alkylate
sulfonate ( L A S ) products a t competitive prices to
meet t h e needs o f this pollution o r foam problem.

L(mg Term Goal: Complete Biodegra~bgity. Dur-
ing these years, suggested screening a n d legislative
standards fo r biodegradability have of t en coned more
on the elimination o f foam than on p r o o f of the com-
ple te biodegradability of the new products. It was a
relatively simple mat ter to demonstrate the ra te of
disappearance of the LAS molecules and related foam
a n d o t h e r surface active properties in r iver wa te r die-
away tests. It has taken nmre sophisticated methods
to demonstrate that the molecule is completely biodeg-
radable, fo r which we are indebted to the work of
Swisher (2), Allred (3) and many others.

This progress with LAS biodegradability is en-
couraging. The long term goal o f complete biodegra-
dabi l i ty fo r o t h e r new surfactants cannot be realized
unti l these new products can also meet tests fo r com-
pleteness of biodegradation as well as tests to demon-
s t r a t e ra te o f disappearance of the init ial molecules.

Short Term God: Loss. of Surface Activity. Ini t ial
prospects fo r the prepara t ion o f completely biodegra-
dable products did not a p p e a r favorable fo r the nmnu-
facturers of ethoxylated surfaetants. The limited
screening data available a t t h a t time indicated t h a t
the ethylene oxide chain itself was not biodegradable
(4). Thus the manufac turer had to look not only
fo r a biodegradable hydrophobe but also fo r a biodeg-
radable water-solubilizing nonionic g r o u p to replace
the versatile and inexpensive ethylene oxide chain.

The thought dM occur, however, t h a t a shortgerm
gem for biodegradability nfigllt be readily obtained.
Such a gem would be satisfied with degrMation of


