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zene was a commercial one repre-
senting the most widely used grade
in Wes te rn Europe {molecular
weight: 242}. This solution was used
a t two use levels--6 gr/lt and 15
g r i t .

• Heavy-duty powder (H.D.P.).
The m i x e d active ingredient sys-
tem used was 5 weight pe rcen t
LAS, 5 weight pe rcen t N . I . , 2
weight percent soap and 15 weight
pe rcen t STPP. To avoid interfer-
ence and t o have a detergency re-
sult due exclusively t o the surfac-
t a n t system, no o t h e r ingredients
were considered.

• Unbuilt h e a v y - d u t y liquid
{H.D.L.). The composition used was
15 weight percent LAS, 20 weight
percent N.I. and 10 weight pe rcen t
soap.

Results and discuss ion
We also have included the deter-
gency results obtained u s i n g n o t
only the Launder-O-Meter b u t also
t h e Terg-O-Tometer. Both pieces
of equipment are used for deter -
gency te s t i ng worldwide, and we
feel it is more interesting to com-
pare t h e da t a on a s tandard devia-
tion basis than simply to give a

TABLE 3

Detergency Performance (h Ref lectance}a

F a b r i c

U s e level

0.6 w t % 1.5 w t %

Water h a r d n e s s {ppm CaCO3)

150 300 150 300

Launder-O-Meter

Terg-O-Tometer

EMPA-101 3.4 3.5 8.1 4.9
EMPA-104 7.9 8.7 16.3 8.0

EMPA-101 19.9 19.3 31.3 22.9
EMPA-104 28.5 29.5 42.5 32.0

a U n b u i l t H.D.L. (LAS, 15%; N.I., 20%; soap, 10%).

reflectance va lue on a single piece
o f equipment.

Tables 1-3 depict the h R val-
ues obtained. The main conclusions
a r e :

• The primary detergency per-
formance in the Terg-O-Tometer is
significantly h ighe r t h a n in t h e
Launder-O-Meter.

• The relat ive s tandard devia-
tion of the reflectance readings for
the Launder-O-Meter is t e n times
t h e one f o u n d fo r t h e Terg-O-
Tometer.

This can be summarized briefly
as follows:

Relat ive Standard Devia t ion
Standard Deviation × 100

Average of 6 readings

Terg-O-Tometer -- 2%
Launder-O-Meter -- 20%

We m u s t po in t out, however, t h a t
this conclusion is valid only with
the conditions used for the tests
performed.

Radiotracer detergency method
The following is based on a talk
Development Co., Houston, Texas.

The use of radioisotopes in deter-
g e n c y s tud ies goes b a c k many
years. Shell Development has used
radiolabeled softs and surfactants
to s t u d y the various processes in-
volved in detergency since t h e mid-
1960s. The radio t racer detergency
method makes use of mildly radio-
labeled soils for quan t i t a t ive de-
terminat ion of soil removal, among
o t h e r properties, b y simple s t a n -
dard radiochemical techniques (1).
The method has been well devel-
oped to include a wide var ie ty of
available soils and provide enough
flexibility to mimic na tu ra l soils
and contemporary wash ing condi-
tions. In general, t h e method in-
volves soiling fabric swatches with

g i v e n b y Nelson E. Prieto o f Shell

the labeled soft{s), washing the fab-
ric and determining soil removal
by counting techniques.

Soft preparation and application
Many suitable labels are available
for detergency studies. However,
several conditions need to b e con-
s idered when selecting t h e label.
The choice is usually limited to the
chemical elements p r e s e n t in the
material of interest. The main de-
termining factors t h a t will affect
your decision when selecting a n iso-
tope are ease of detection and la-
beling, pur i ty ,commercial availabil-
ity, half-life, and safety/regulatory
considerations. These are discussed
in detai l by S h e b s {1).

Severa l radioisotopes can be
used as labels, depending on the
type of soil to be prepared, making
the method very flexible, versatile
and selective. Polar softs, such as
fa t ty acids and alcohols, are labeled
with Carbon-14, whereas nonpolar
oily softs, such as mineral oft and
triglycerides, use tri t ium as the la-
bel (2). Fabrics are soiled with these
materials by applying a n aliquot
of a to luene carr ier solution and
allowing them to air-dry.

A particulate soil is also avail-
able. It is prepared b y mixing a
purif ied kaolinite clay with a clay
fraction which has been activated
by neutron bombardment {3). Fab-
ric is p a d d e d with clay by agitat-
ing it in a n aqueous suspension.
This procedure avoids the difficult
t a s k of fixing the radiotracer into
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t h e clay matrix. The predominant
i sotope in t h e clay is europium-
152.

A proteinaceous soil has been
developed to test the specificity of
enzymes in detergent formulations.
It is prepared by bind ing chromium-
51 t o red blood cells (4). The test
fabric is stained b y spraying a la-
beled RBC suspension t o a fabric
pretreated with alcohol. The fabric
is then heat-set in an oven over-
n igh t .

Multicomponent softs can be
prepared by blending these soils.
Fo r example, a double-label soil
s imulat ing s e b u m can be prepared
to study the overal lremoval as well
as t h e selective removal of the com-
ponents (Table 1) (2}. This s e b u m
soil can be b lended with labeled
clay soil to simulate more realistic
launder ing conditions (5). Surfac-
t an t s can also be labeled withCar-
bon-14, tr i t ium or sulfur-35 for test-
ing o t h e r aspects of the detergency
process (6}.

Laundering methods
Many aspects of the detergency
process can be studied u s i n g t h e
radio t racer method (1-8). Soil re-
moval is determined on a n abso-
lute basis for the overall process
and/or the selective removal of in-
dividual components. It will give
true soil removal and does not rely
on a n indirect method such as
change in reflectance. Reflectance
measurements mostly show t r e n d s
in overall detergency. Quantitative
determination of selective removal
o f components is impossible. The
removal of po la r and nonpolar soils,
a n d blends o f these, from fabric
swatches is determined by analyz-
ing t h e wash l iquor (2). The re-
moved soft E-ray emitt ing tri t ium
and Carbon-14 labeled soils are de-
tected u s i n g scintillation counting
a long with a n in terna l s t a n d a r d .
The analyses o f clay and proteina-
ceous softs are done by counting
directly t h e activity on the fabric
swatches u s i n g y-ray counters. The
amount of proteinaceous soft on the
fabric is determined b y comparison
with standards (4), whereas for clay
soil the amount is obtained by dif-
ference, i.e., the fabric is counted
before and af te r washing (3).

TABLE 1

Composition of Radiolabeled MultisebumSoil
Components Label wt %
Nonpolar

Cetane Tritium 12.5
Squalane Tritium 12.5
Tristearin Tritium 10.0
Arachis (peanut} oil None 20.0

Polar
Cholesteol Carbon-14 7.0
Octadecanol Carbon-14 8.0
Oleic acid Carbon-14 15.0
Stearic acid Carbon-14 15.0

Total 100.0

The radio t racer de t e rgency
method also has been used t o de-
termine soil redeposition (2,8), en-
zyme efficacy (4) and surfactant ad-
sorption a n d rinsabi l i ty in fab-
rics(6), in addition to soil removal.
Some o f t h e s e experiments were
conducted u s i n g washing machines
(6). The results obtained by t h e ra-
d io t racer method usual ly paral lel
those obtained u s i n g the reflectance
techn ique b u t with somewhat
g rea te r precision. Customers' bun-
dle test da t a also have confirmed
resul t s ob ta ined u s i n g t h e ra-
d io t racer me thod . Overall , t h e
method is very sensitive, assays
require only two replicates, and it
provides high precision (ca. 2%).
Automation o f the method u s i n g
robotics increases its efficiency sig-
nificantly, reducing manual l abor
dramatically (9). Experiments can
b e performed u n a t t e n d e d a r o u n d
the clock. The method is very cost-
effective since it yields a large num-
ber of analyses a t a very low cost.

Safety considerations
The use o f radioactive materials is
regula ted in t h e U.S. b y federa l
guidelines. One m u s t become fa-
miliar with t h e s e regu la t ions to
carry o u t radiotracer experiments .
A license is needed t o use radioiso-
topes in the laboratory. Training,
experience and facilities are neces-
sary and will depend on the broad-
ness of the project. A t Shell Devel-
opment, only people with the nec-
essary t ra in ing , knowledge and li-
cense handle t h e s t o c k soil solu-
tions, which are stored in a desig-
n a t e d area. Due t o t h e low levels
of act iv i ty of these solutions, do-

s imeter badges are n o t required
throughout the method . The activ-
i ty o f t h e soils in the wash l iquor
is even lower, requir ing long count-
ing hours. T h u s , the use of these
materials for detergency te s t i ng is
very safe (1).

Advantages and limitations
The radiotracer detergency method
has advantages and some limita-
tions. The main advantages are its
sensitivity and analytical selectiv-
ity, capability to provide clear-cut
results (overall or for specific com-
ponents), high precision, use of low
levels of activity, experimentalflexi-
bi l i ty , au tomat ion o f complete
me thod , and applicability to large-
scale prac t ica l tests. Some limita-
t i ons are the need fo r radiochemi-
cal technology (knowledge, equip-
ment , s a f e ty license, experience),
commercial availability and pur i ty
of labels and init ial cost o f invest-
ment (1). These limitations are be-
ing addressed by ongoing develop-
ments in radiochemical methodol-
ogy.

Reflectance and radiotracer tech-
niques can be complementary. Al-
t h o u g h reflectance methodology
does not enjoy t h e precision, selec-
t iv i ty , sensitivity a n d some o f the
flexibilities o f t h e radio t racer
me thod , it is widely used to de t ec t
t h e removal of co lo r bodies. The
radiotracer method does n o t meas -
ure removal of color bodies, unless
t h e s e are properly labeled. How-
ever, color body removal does not
necessarily represent removal of the
o t h e r components which can be re-
moved, especially complex soils. Re-
flectance methodology is widely
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used in large-scale tests and offers
the advan tage of a low initial in-
vestment. The use of multiple la-
bels in the radiotracer method re-
duces the n u m b e r of experimental
runs while increasing the amount
of data collected, an important con-
sideration when conducting a large
n u m b e r of tests.
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Soiled c lo ths are used in te s t ing
The following is based on a talk g i v e n by George C. Feighner o f Scien-
tific Services, Oakland, New Jersey.

T h r o u g h o u t t i m e , people have
tested detergents. Until recently,
testing was done subjectively by
housewives u s i n g soap on their laun-
dry. Now, t h e r e is a science dedi-
cated t o correlating and predicting
consumer acceptance of laundry
products with laboratory tests.

Standard soiled cloths are an
important part of testing. The di-
versity of soils and stains is one
problem; the variety of fabrics and
laundry practice is another. Con-
trolled conditions of laundering stan-

dard s o i l e d c l o t h s in a Terg-O-
Tometer or full-scale washing ma-
chine produce results which can pre-
dict t o some e x t e n t results in the
home and, more importantly, allow
scientists t o evaluate solutions and
innovations in the laboratory.

S ince the discovery of soap, peo-
ple have been comparing t h e i r laun-
dry results. Application of scien-
tific principles t o study of the clean-
ing process has resulted in a con-
siderable body of knowledge a b o u t
t e s t i n g new d e t e r g e n t develop-

ments. Laboratory t e s t i n g of de-
tergents requires controlled condi-
tions and artificially soiled cloths
w h i c h p r e d i c t c l e a n i n g of r e a l -
world softs and stains.

In the laboratory, we like t o
see r e a l l y d i r t y f a b r i c become
n e a r l y white. With real-life laun-
dry, softs are relatively l igh t and
any one stain uncommon. Redeposi-
tion, whether perceived or not, is
probably the most serious laundry
problem. Real life needs t o be kept
in mind in selecting soiled cloths
for testing detergents, and the de-
veloper should remember that labo-
ratory tests are an abstraction of
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