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There was a time when laundry
detergents were mainly expected
to wash clothing “whiter than

white” (even the colored wash). Now,
laundry detergents must meet a much
broader range of consumer requirements:
bright whites without fading colors,
textiles ranging from denim to wool and
silk, greater convenience (e.g., tablets),
low-temperature washing to save energy,
better removal of difficult stains, less
wear and tear on fabrics, lower cost,
more softness, fewer wrinkles, and a
fresh, clean smell. Modern detergents are
complex mixtures containing 20–25
different ingredients, including surfac-
tants, builders, bleaching agents, and
enzymes, each with its own function.

Analytical techniques for determin-
ing soil and stain removal from fabrics
and sediment buildup during the wash
must quantify individual components
(soil, stains, laundry product ingredi-
ents), provide information on the spatial
distributions of various components, and
track the interactions between these
components and the textiles. 

The amounts and characteristics of
residues deposited on the fabric during
washing are determined by the composi-
tion of the laundry product, the wash-
ing conditions, and the type of textile.
Compounds present in tap water, such
as calcium carbonate and magnesium
carbonate, can leave residues. Likewise,
residues can come from laundry product
components (zeolite ion-exchange agents,
clays, and nonionic species) and from
interactions between the tap water and
a laundry product (magnesium silicate,
calcium phosphate, various sulfonates). 

Techniques for determining the com-
position of residues on fabrics include
X-ray fluorescence (XRF) spectrometry
(1), Fourier transform infrared spectrom-
etry (FTIRS), mass spectrometry (MS),

and X-ray photoelectron spectrometry
(XPS) (2). These methods analyze the
total amount of residue, including partic-
ulate compounds. Particles that are invis-
ible to the naked eye have to be isolated
for further analysis.

Sample Preparation
Forensic scientists have developed a
technique known as the “electrostatic
lifting method” to lift particulates from
a surface while preserving their pattern
(3). For example, shoes can either pick
up or deposit dust at the scene of a
crime, leaving behind a shoe print. The
dust deposits may be very fine and not
visible on the surface unless viewed with
a powerful oblique light source. Deposits
are more visible if they can be trans-
ferred to a very smooth, shiny surface. 

The electrostatic lifting method does
this using a small battery-powered
device to apply a strong electrostatic
charge (12,000 V) to the metallized
surface of a black Mylar film (4). The
electrostatic charge causes dust deposits
from a surface to adhere to the film. The
film is carefully lifted off the surface,
then stored with the black plastic

surface facing up. A high-intensity light
then reveals the dust on the surface of
the lifting film.

Given the success of the electrostatic
lifting technique for forensics analysis,
we decided to adapt the technology to
isolate fine particulate residues from
fabrics. Once isolated, these particulates
can be analyzed further using scanning
electron microscopy coupled with ener-
gy-dispersive X-ray microanalysis (SEM-
EDX). The elemental composition of the
fabric after electrostatic lifting can then
be analyzed using XRF. 

Pieces of cloth approximately 8 � 13
cm were cut from the pieces supplied
and placed on a clean surface. All
surfaces in the laboratory were covered
with fresh sheets of brown paper to
minimize the possibility of environmen-
tal dust contaminating the surface. The
scientist doing the sampling wore a
disposable laboratory coat, cap, gloves,
and mask. New paper sheets and labora-
tory clothing were used for each cloth
sample. A piece of lifting film approxi-
mately 8 � 10 cm was cut and placed
onto the fabric. The film was charged
using the full voltage of a Pathfinder
electrostatic lifting device (K9 Scene of
Crime Equipment, Ltd., Northampton,
U.K.) and held for 30 s. The film was
then discharged and removed from the
surface. Four separate areas, approxi-
mately 1 � 2 cm, were cut from the
film and mounted flat on microscope
slides. 

The electrostatic lifting method was
compared with a tape stripping method,
in which particulate residues were re-
moved from the surface of the cloth with
12-mm double-sided carbon adhesive
SEM disks (Agar Scientific, Ltd., Essex,
U.K.). The disks were pressed on the sur-
face of the cloth samples. After removal,
the disks were coated with a carbon
layer and analyzed using SEM-EDX. 

Both methods were tested on cotton
interlock (a type of knit fabric) and
washed 10 times with and without laun-
dry products containing a zeolite builder.
Zeolites are commonly added to deter-
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gents as ion-exchange agents to reduce
the amount of free calcium and magne-
sium ions in the wash water, thus produc-
ing less of the insoluble salts that can
form “scum” (5).

Analysis Techniques
The XRF experiments were carried out
using the Philips PW2404 XRF spec-
trometer equipped with a rhodium X-
ray tube and running at 4 kW power.
Cloth samples with a minimum size of
6.5 � 6.5 cm were clamped with a
piece of Teflon backing (50-mm diam)
into sample holders made for this
purpose (1). 

A field emission SEM (JEOL JSM6301F)
was used to study the particles on the
black surface of the electrostatic lifting
film. Observations were made at low
accelerating voltage of the primary elec-
tron beam (3 keV) to prevent sample
damage and allow for observation of the
particles on top of the black lifting film.
Secondary electron detection was used.
The SEM was equipped with a Noran
Voyager EDX system for elemental analy-
sis of the particles (10 keV primary elec-
tron beam). An area 1 � 1 cm was cut
from the electrostatic film, and the black
surface was coated with a carbon layer
to prevent electrical charging during the
observation.

What We Found
Cloth samples analyzed using XRF before
and after electrostatic lifting showed no
significant differences in the concentra-
tions of the detected elements (Al, Si,
Na). This means that electrostatic lifting
did not remove significant amounts of
inorganic compounds (e.g., zeolites).

The electrostatic films were mounted
on microscope slides and inspected
using conventional light microscopy.
Small white particles and pieces of fibers
were observed on the black side of the
electrostatic films, including films taken
from the water-washed cloth samples.
Areas of 1 � 1 cm were then observed
at different magnifications using field
emission SEM. The distribution of large
particles at low magnification is shown
in Figure 1. 

The water-washed cloth showed only
a few large particles. The image of the
film shown at the top of Figure 1 is
representative of the total film area.
However, the particles were not evenly
distributed on the films taken from

cloth washed with the detergent prod-
ucts. (Figure 1, bottom, shows a region
with a heavy particle concentration.) In
the film image for the water-washed
cloth, 240 particles were detected, with
diameters ranging from 2 to 22 µm
(mean diam 3.0 µm). The image of the
film washed with detergent product
shown in Figure 1 shows 720 particles
with diameters ranging from 2 to 32 µm
(mean diam 3.2 µm), with a minimum
detectable diameter of 2 µm at a magni-
fication of 100�. Further magnification
reveals the structure of these particles.
Most particles with a diameter larger
than 2 µm could be clearly identified as
pieces of fibers. 

This was confirmed by the analysis of
the elemental composition of these
particles using X-ray microanalysis. Only
carbon and oxygen were detected on the
particles from the water-washed cloth.
However, most particles from the deter-
gent-washed cloths also had small
amounts of silicon, aluminum, sodium,
and calcium. The fiber fragments from
the detergent-washed cloth contained
zeolite residues that covered the whole
surface or were concentrated in aggre-
gates on the surface (Figure 2, top). On
a few fibers, only calcium was detected,
which indicates the presence of calcium
carbonate. Particles with diameters
ranging from 0.1 to 1.7 µm were identi-

fied as zeolite (Figure 2, bottom). The
mean diameter of these particles is 0.7
µm (standard deviation = 0.4).

For comparison, a carbon adhesive
tape was used to collect particles from
one of the detergent-washed cloth
samples. An area with a diameter of 1.2
cm was observed at different magnifi-
cations using SEM. Images were compa-
rable to those obtained by electrostatic
lifting; however, the particles were
more evenly distributed on films. Most
particles with diameters between 0.1
and 1.7 µm were identified as zeolite.
The strong adhesive power of the tape
lifted off a few large fibers and pieces
of fibers.

It’s a Wash 
From this study, we concluded that elec-
trostatic lifting did not lift significant
amounts of particulate residues from
washed cloth samples, even though it is
quite an aggressive method. Large parti-
cles (2–50 µm) collected on the electro-
static lifting film from samples washed
with and without detergent were identi-
fied as pieces of textile. However, more
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FIGURE 2: The zeolite that stayed behind.
SEM images of residues collected on elec-
trostatic film applied to a cotton cloth
washed with a detergent (4000�, image
width = 0.031 mm). Top, piece of fiber
covered with a layer of zeolite and with
a globular aggregate of zeolite; bottom,
zeolite particles.

FIGURE 1: Detergent makes a difference.
SEM images of residues collected on elec-
trostatic film applied to cotton cloths
washed with water (top image) and
washed with detergent (bottom image).
Image width = 1.2 mm.



particles were collected on the films
from the samples washed with detergent
than without. It is possible that the
detergent made it easier to remove
pieces of fibers using electrostatic lift-
ing. Figure 3 shows some representative
SEM photographs of the cotton interlock
cloth samples. Fibers of washed cloths
show signs of wear, including pilled-off
fibrils (matted into little balls) and
sheets of interconnected fibrils extend-
ing from the fiber surface (Figure 3, bot-
tom). Particles with diameters between
0.1 and 1.7 µm were identified as zeo-
lite. However, no significantly lower
amount of zeolite was detected on the
cloths after electrostatic lifting. Zeolite
particles are quite strongly bound to the
cloths. Particles can be concentrated in
small or large aggregates on fiber sur-
faces or entrapped in spaces within the
yarn (6). 

The bottom line? Sometimes, the
high-tech method doesn’t work any
better than the old way. Particulate
residues and small pieces of fiber can be
removed from the outer surface of the

cloth by using an adhesive tape. The
particles on this tape are more evenly
distributed than on the electrostatic lift-
ing film, and the tape stripping method
is faster and easier to use than the elec-
trostatic lifting method.
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FIGURE 3: Getting roughed up in the wash-
ing machine. SEM images of cotton inter-
lock cloths (image width = 0.12 mm). Top,
unwashed; bottom, washed with detergent.
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