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(54) Titlee HANDWIPE DISCLOSING METHOD FOR THE PRESENCE OF LEAD

(57) Abstract

A method is provided for the detection of lead on a target surface, including human skin, using a handwipe system and a chemical
test using either rhodizonate or sulfide ions. A surface to be tested is rubbed or wiped with a handwipe to collect surface residues on the
handwipe. Any lead collected on the handwipe is then solubilized using an acidic aqueous solution. Solubilized lead, if present, is then
reacted with rhodizonate or sulfide ions to form a characteristic color. If lead is present, treatment with rhodizonate ions will result in a pink
to red color; treatment with sulfide ions will result in a brown to black color. This method is especially useful in detecting the presence of
lead on skin and assessing the effectiveness of hand washing in removal of lead from the skin of exposed individuals. This method is also
especially useful in field evaluation for the presence of lead, and the effectiveness of its subsequent removal, in workplace, home, school,
and similar environments and the exposure of individuals to lead within such environments.
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Handwipe Disclosing Method for the Presence of Lead

Field of the Invention

This invention generally relates to a method for the detection of lead using

a handwipe system and a chemical test using either rhodizonate or sulfide 10ons.

w

This invention more specifically relates to a method for detection of lead on
surfaces (such as, for example, skin, floors, walls, windows sills, and the like)
using a handwipe system and a chemical test using either rhodizonate or sulfide
1ons to effect a charactenistic color change if lead is present. This invention is
especially useful in detecting the presence of lead on skin and assessing the

17 effectiveness of hand washing in removal of lead from the skin of exposed
individuals. This invention 1s also especially useful in field evaluation for the
presence of lead. and the effectiveness of its subsequent removal, in workplace,

home, school, and similar environments and the exposure of individuals to lead

within such environments.

[}
[$2]

Background of the Invention

Lead exposure is a significant environmental hazard which can affect large
and diverse segments of the population. For example, exposure can occur to
workers involved (and others in the area) in removal of lead based paints and/or
the rerovation of structures containing lead based paints, workers in metal working

20 and other metal related industries, workers in other industrial facilities, as well as
adults or children living within or visiting homes or schools containing lead based
paints. Prolonged and repeated exposure to ‘vorkers involved in removal or
abatement of lead based paints and exposure of children in homes and schools is

especially damaging. Lead residues on human skin, especially on the hands, of

[ %]
o

industrial workers (as well as others) can be a significant health risk since such
residues may be ingested during normal activities (e.g., eating, drinking, and

smoking). Although hand washing, if done carefully, can remove a virtually all
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lead residues, it is difficult for individuals to quickly and easily determine the
actual effectiveness of the hand-washing process and, most importantly, to assess

if significant lead residues remain on the hands after washing.

Several chemical spot ‘tests for the detection of lead in air, water, soil, dust,
paint, and similar samples are available. Generally, such tests are based on the
reaction of lead with either rhodizonate or sulfide ions. For example, U.S. Patents
5.416,028 (May 16, 1995), 5,445,965 (August 29, 1995), 5,496,736 (March S,
1996), and 5,567,619 (October 22, 1996) provide methods for determining lead in
liquid samples. U.S. Patents 5,039,618 (August 13, 1991), 5,330,917 (July 19,
1994), 5,364,792 (November 15, 1994), and 5,550,061 (August 27, 1996) provide
methods for detecting lead using a test swab impregnated with a test reagent. The
test swab is rubbed over the surface to be tested; if lead is present on the tested
surface. the swab will exhibit a characteristic color. Such a test swab based on the
lead and rhodizonate ion reaction system is used in the commercially available lead
testing kit Lead Check™ available from HybrilVet Systems, Inc. of Natick,
Massachusetts. In the Lead Check™ system, two reagents (sodium rhodizonate
and a tartrate buffer) are contained in glass or plastic tubes separated by an inert
spacer. When activated, the reagents are mixed and then used to saturate an
absorbent (i.e.. cotton) tip of the swab (thereby producing a yellow color). By
rubbing the cotton tip over the surface to be tested, the presence of lead can be
detected by observing the color of the swab tip (a pink to red color indicates the
presence of lead; the lack of any color change indicates the absence of significant

levels (e.g., less than about 2ug) of lead).

Generally such chemical spot tests or methods cannot be used to directly
determine the presence of lead on human skin or to directly evaluate the
effectiveness of various removal techniques (e.g., hand washing) for removing lead
from human skin. For example, the Lead Check™ system, if applied to human
skin testing, would involve wiping the swab directly on the skin and thereby

exposing the skin to the test reagents. Moreover, to fully evaluate the presence of
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lead on the skin and/or test the effectiveness of lead removal, large areas of skin
would require exposure to the test reagents. For example, to fully evaluate the
effectiveness of hand washing for the removal of lead, a large portion of the hands
would have to be swabbed with careful attention to areas around and under the
nails and cuticles. In addition to possible skin discoloration due to the reagents
(e.g., yellowing caused by sodium rhodizonate), skin irritation and damage is
possible because, for example, of acids which may be present in the test reagents.
Moreover, the long-term effects of such exposure to sodium rhodizonate (especially
where repeated testing is necessary or desirable) is not known. Thus, testing for
human exposure is normally done by indirect means such as, for example, by
evaluating surfaces in which workers or other individuals, if contaminated with
lead, would likely come into contact with and, therefore, transfer lead onto. Thus,
for example, car steering wheels can be tested to indirectly estimate exposure of
workers' hands to lead. Such indirect methods, however, can miss or under report
significant human exposure. Such indirect methods, although they may reduce the
exposure to test reagents, do not eliminate such exposure. Even when used for
normal test surfaces (i.e., tables, window sills, steering wheels, and the like), the
test operator's skin can be exposed to the test reagents. Moreover, unless careful
cleaning methods are used to remove test reagent residues from the tested surfaces,

individuals who later contact the surfaces may also be exposed to the reagents.

It would be desirable, therefore, to provide a safe, reliable, and direct
method for testing for lead exposure on human skin which would avoid exposure
of the skin to the test reagents. It would also be desirable to provide a safe and
reliable method for testing for lead exposure on other surfaces which would not
leave reagent residues on the test surfaces. It would also be desirable to provide a
safe, reliable, and direct method for determining the effectiveness of lead removal

from human skin. The present invention provides such methods.
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Summary of the Invention

This invention generally relates to a method for the detection of lead
using a handwipe system and a chemical test using either rhodizonate or sulfide
ions. This invention more specifically relates to a method for detection of lead on
surfaces (such as, for example, skin, floors, walls, windows sills, and the like)
using a handwipe system and a chemical test using either rhodizonate or sulfide
ions. This invention is especially useful in detecting the presence of lead on skin
and assessing the effectiveness of hand washing in removal of lead from the skin
of exposed individuals. This invention is also especially useful in field evaluation
for the presence of lead, and the effectiveness of its subsequent removal, in
workplace, home, school, and similar environments and the exposure of individuals

to lead within such environments.

One object of the present invention is to provide a method for the detection
of lead on a surface suspected of lead contamination, said method comprising: (a)
wiping the surface with a handwipe whereby lead contamination, if present on the
surface, is retained and collected on the handwipe, (b) solubilizing any lead
collected on the handwipe with an acidic aqueous solution; (c) treating the
solubilized lead with an anion selected from the group consisting of rhodizonate or
sulfide; and (d) observing the color formed in step (c); wherein, if lead 1s present
on the surface, the color formed is pink to red if the anion is rhodizonate or the

color formed is brown to black if the anion is sulfide.

Another object of the present invention is to provide a method for the
detection of lead on human skin suspected of lead contamination, said method
comprising: (a) wiping the skin with a handwipe whereby lead contamination, if
present on the skin, is retained and collected on the handwipe; (b) solubilizing the
lead collected on the handwipe with an acidic aqueous solution; (c) treating the
solubilized lead with an anion selected from the group consisting of rhodizonate or

sulfide; and (d) observing the color formed in step (c). wherein, if lead 1s present
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on the surface, the color formed is pink to red if the anion is rhodizonate or the

color formed is brown to black if the anion is sulfide.

Still another object of the present invention is to provide a method for
evaluating the effectiveness of washing for removal of lead from an area of human
skin, said method comprising: (a) selecting an area of human skin in which the
effectiveness of washing for removal of lead is to be evaluated; (b) washing the
area of human skin to remove lead; (c) wiping the washed area of human skin with
a handwipe whereby lead contamination, if remaining on the area of human skin
after washing, is retained and collected on the handwipe; (d) solubilizing the lead
collected on the handwipe with a mild acidic aqueous solution; (e) treating the
solubilized lead with an anion selected from the group consisting of rhodizonate or
sulfide; and (f) observing the color formed in step (e), wherein, if lead remains on
the area of human skin on the surface, the color formed is pink to red if the anion

is thodizonate or the color formed is brown to black if the anion is sulfide.

Still another object of the present invention is to provide a kit for the
detection of lead on a surface suspected of lead contamination, said kit comprising:

(a) a handwipe for wiping the surface whereby lead contamination, if
present on the surface. is retained and collected on the handwipe;

(b) an acidic aqueous solution for solubilizing any lead collected on the
handwipe;

(c) an aqueous solution containing an anion selected from the group
consisting of rhodizonate or sulfide for trezting the solubilized lead to produce a
characteristic color if lead 1s present; and

(d) a set of instructions for carrying out the detection of lead on the surface
suspected of lead contamination,;

wherein, if lead is present on the surface, the characteristic color is pink to

red if the anion is rhodizonate or the characteristic color formed is brown to black

if the anion 1s sulfide.
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These and other objects and advantages of the present invention will be

apparent from a consideration of the present specification.

Detailed Description of the Invention

The present invention generally relates to a safe, reliable, and direct method
for the detection of lead on surfaces. This invention uses a handwipe system and a
chemical test using either rhodizonate or sulfide ions for the detection of lead on a
surface. This invention is especially useful in detecting the presence of lead on
skin and, thereby, assessing or demonstrating the effectiveness of hand washing n
removal of lead from the skin of exposed individuals. This invention is also
especially useful in field evaluation for the presence of lead, and demonstrating the
effectiveness of its subsequent removal, in workplace, home, school, and similar
environments and the exposure of individuals to lead within such environments.
The present method avoids exposure of the test surface (e.g., skin) to the test

reagents. The present invention also relates to a kit incorporating the present

method.

The present method uses a handwipe to retain and collect lead residues, if
present. from a target test surface. The handwipe is then treated with an acid to
solubilize any lead collected from the surface. The solubilized lead is then treated
with either rhodizonate ions or sulfide ions whereby the solubilized lead reacts with
the test ions to form a characteristic color if lead is present. If rhodizonate 1ons are
used as the test ions, the characteristic color is pink to red; if sulfide ions are used
as the test ions, the characteristic color is brown to black. Preferably, rhodizonate
ions are employed as the test ions. Preferably the handwipe contains an aqueous
surfactant or surfactants (cationic, anionic, or nonionic) which can reduce surface
tension thereby allowing the lead to be more easily removed from the target test
surface and collected on the handwipe. Examples of suitable surfactants include,
for example, benzoid quaternary cationic surfactants, polyethylene glycol (e.g.,

PEG-75), ethoxylated alcohols (e.g., C12-13 alcohols, Pareth 7®), nonoxynol 9,
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benzalkonium chloride, Ledisolv®, and the like. The handwipe may also contain
disinfectants such as, for example, benzalkonium chioride. Such surfactants and/or

disinfectants should not, of course, interfere with subsequent testing.

In the present invention, the surface to be tested is wiped or rubbed with a
handwipe in order to remove and collect lead or lead residues which may be
present on the surface on the handwipe. Preferably the handwipe is damp to
increase the effectiveness of the residue collection. For purpose of this invention, a
handwipe 1s a paper, paper-containing, cloth, cloth-containing, or other similar
material, preferably in sheet form, which can be used to physically wipe or rub the
surface to be tested in order to collect residues (including, but not limited to, dust,
particles, dirt, contaminants, and the like) on the surface for testing. The color of
the handwipe should preferably be a light color (e.g., white, off-white) so that
subsequent color development can be easily determined visually. The use of a
light colored handwipe also may offer visual guidance, at least for very dirty
surfaces, that the wiping procedure is effective in collecting surface residues (i.e.,
residues will likely be visible on the handwipe). Commercially available
handwipes may be used so long as they do not contain additives which interfere
with subsequent testing. Especially for handwipes used for the testing of human
skin, the handwipe may contain surfactants, disinfectants, lotions (e.g., lanolin),
perfumes, and other additives which make the handwipe more acceptable for
contact with the skin so long as such additives do not interfere with subsequent
testing. Examples of suitable commercially available handwipes for use in this
invention include, for example, Wash N'Dri®, Wet Ones®, Wet-Naps®, and Wash-
A-Bye-Baby®. If desired, the directions for use could be printed directly on the
handwipe. If desired, comparison color charts indicating negative and positive
results could also be printed on the handwipe. Of course, such directions and color

charts could also be included as a prninted document with the handwipes.

Once the surface residues have been collected using the handwipe, a

detectable portion of the lead contained therein must be solubilized. The lead
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residues are solubilized using an aqueous acid solution, preferably a mildly acidic
aqueous solution, to form Pb” ions therein. Generally, the lead residues are
solubilized by contact with an aqueous acid solution with a pH less than about 6.0,
preferably about 1 to about 5, and most preferably about 2 to about 4. Examples
5 of suitable acids include, for example, hydrochloric acid, sulfuric acid, nitric acid,
acetic acid, phosphoric acid, tartaric acid, aspartic acid, phthalic acid, and the like.
Although any organic or inorganic acid can be used to solubilize the lead residues,
it is generally preferred that a weak organic acid such as acetic acid be used in
order to avoid bumns from accidental exposure. Vinegar is an especially preferred
16 source of acetic acid. The acid can be applied in a number of different ways to the
lead residues. For example, the handwipe can be sprayed or contacted with the
acid solution to solubilize the lead residues directly on the handwipe. Or the lead
residues can be extracted or leached from the handwipe using the acid solution

whereby the solubilized lead is collected in the acid solution. Or the acid solution

e
w

can be incorporated in the handwipe so that the lead residues are solubilized at the
same time they are collected with the handwipe, for the testing of human skin,
such a method, of course, would require a mildly acidic solution containing a weak

acid such as acetic acid (e.g., vinegar).

Once the lead residues are solubilized, they are contacted with a test reagent

2¢  containing either rhodizonate ions or sulfide ions. Preferably rhodizonate ions are
used. The rhodizonate ions may be from any convenient source, including
rhodizonic acid or salts of rhodizonic acid such as, for example, sodium
rhodizonate, potassium rhodizonate, disodium rhodizonate, dipotassium rhodizonate,
and the like. Preferably the source of rhodizonate ions is an aqueous solution of a

25 rhodizonic acid salt. More preferably, the source is an aqueous solution of sodium
rhodizonate or potassium rhodizonate. The aqueous solution may be buffered if
desired. So long as there is sufficient rhodizonate ions to react with the solubilized
lead to produce a visual color, the amount of rhodizonate 1s not critical.

Nonetheless, it is generally preferred that the aqueous solution contain about 0.1 to

(O8]
(¥

about 0.5 weight percent (about 1000 to about 5000 ppm) of rhodizonic acid or a
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salt thereof. The method of applying the test reagent is not critical. The test
reagent can be sprayed or applied to the handwipe containing solubilized lead or
the test reagent can be added to a solution containing solubilized lead or the
solubilized lead solution could be passed through or otherwise contacted with the
test solution absorbed on a filter or other indicator paper. If solubilized lead is
present, treatment with rhodizonate ion will result in a pink to red color. If
solubilized lead 1s present, treatment with sulfide ion will result in a brown to
black color. The intensity of the color developed can, at least to a first
approximation, indicate the relative amount of lead present. For example, a light
pink color would indicate less lead than a dark red color when using rhodizonate

lons as the test reagent.

In one particularly preferred embodiment, a handwipe is used to remove and
collect surface residues from a target surface (e.g., human skin). Any lead
collected on the handwipe is then solubilized directly on the handwipe by spraying
the handwipe with an aqueous acid solution. Any solubilized lead on the handwipe
is then reacted with rhodizonate ions by spraying the handwipe with an agueous
rhodizonate ion-containing solution whereby, if lead is present, a pink to red color
is developed directly on the handwipe. The use of such a system avoids contact of
the surface to be tested by any test reagents. In an even more preferred
embodiment, the aqueous acid solution is an acetic acid solution with a pH of
about 2 to about 4, thus avoiding the possibility of contacting human skin (either as

the tested surface or from the tester) with strong acids.

The present invention is especially useful in determining the effectiveness of
hand washing to remove lead residues. Thus, for example, workers exposed to lead
could use the present invention prior to lunch breaks or the end of the work day.

In this manner, such workers could quickly and effectively evaluate the
effectiveness of hand washing for removing lead from their hands. By
demonstrating the effectiveness (or lack thereof) of washing for removal of lead

residues from the hands (and perhaps other parts of the body), the workers are
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better able to protect both themselves and their families from lead exposure. Thus,
the use of this invention could form an integral part of the overall employee
education and safety program in industries where lead exposure is a potential
occupational hazard. This invention could also be used as part of an ongoing
education and safety program to spot check, and thus reinforce, the effectiveness of

lead removal from human skin and/or physical surfaces within the work

environment.

The handwipe system of the present invention can be prepared as a kit
wherein the handwipe, the various aqueous solutions, and instructions are included.
Preferably, the kit would also include comparison color samples or charts
indicating negative and positive results. The comparison color samples or charts
could be printed on the instructions or directly on the handwipe or on a separate
flyer. Such a kit would be especially useful in determining the effectiveness of

handwashing for removal of lead residues and for use by consumers in the home.

While there has been illustrated and described preferred embodiments of the
present invention, it will be appreciated that numerous changes and modifications
may occur to those skilled in the art, and it is intended in the appended claims to
cover all those changes and modifications which fall within the true spirit and

scope of the present invention.

- 10 -
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CLAIMS

That which is claimed is:

1. A method for the detection of lead on a surface suspected of lead
contamination, said method comprising:

(a) wiping the surface with a handwipe whereby lead contamination, if
present on the surface, is retained and collected on the handwipe;

(b) solubilizing any lead collected on the handwipe with an acidic aqueous
solution:

(c) treating the solubilized lead with an anion selected from the group
consisting of rhodizonate or sulfide; and

(d) observing the color formed in étep (c);

wherein, if lead is present on the surface, the color formed 1s pink to red if

the anion is rhodizonate or the color formed is brown to black if the anion is

sulfide.

2. A method as defined in claim 1, wherein the acidic aqueous solution 1s
mildly acidic, wherein the anion is rhodizonate, wherein the lead is solubilized
directly on the handwipe, and wherein the solubilized lead is treated with the anion

directly on the handwipe, whereby, if lead is present, the color formed is observed

on the handwipe.

3. A method as defined in claim 2, wherein the acidic aqueous solution 1s
sprayed directly on the handwipe and wherein a solution containing the anion is

sprayed directly on the handwipe.

4. A method as defined in claim 1, wherein the acidic aqueous solution 1s
mildly acidic, wherein the anion is rhodizonate, wherein the lead is solubilized and
leached into the acidic aqueous solution, and wherein the acidic aqueous solution

containing solubilized lead is treated with the anion.

- 11 -
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5. A method as defined in claim 4, wherein a chemical spot test is used in

step (c).

6. A method as defined in claim 1, wherein the surface suspected of lead

contamination 1S human skin.

7. A method as defined in claim 2, wherein the surface suspected of lead

contamination 1s human skin.

8. A method as defined in claim 3, wherein the surface suspected of lead

contamination 1s human skin.

9. A method as defined in claim 4, wherein the surface suspected of lead

contamination 1s human skin.

10. A method for the detection of lead on human skin suspected of lead
contamination, said method comprising:

(a) wiping the skin with a handwipe whereby lead contamination, if present
on the skin, 1s retained and collected on the handwipe;

(b) solubilizing the lead collected on the handwipe with an-acidic aqueous
solution;

(c) treating the solubilized lead with an anion selected from the group
consisting of rhodizonate or sulfide; and

(d) observing the color formed in step (c);

wherein, if lead is present on the surface, the color formed is pink to red if

the anion 1s rhodizonate or the color formed is brown to black if the anion is

sulfide.

11. A method as defined in claim 10, wherein the acidic aqueous solution
is mildly acidic, wherein the anion is rhodizonate, wherein the lead 1s solubilized

directly on the handwipe, and wherein the solubilized lead is treated with the anion

- 12 -
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directly on the handwipe, whereby, if lead is present, the color formed is observed

on the handwipe.

12. A method as defined in claim 11, wherein the acidic aqueous solution
is sprayed directly on the handwipe and wherein a solution containing the anion 1s

sprayed directly on the handwipe.

13. A method as defined in claim 10, wherein the acidic aqueous solution
is mildly acidic, wherein the anion is rhodizonate, wherein the lead is solubilized
and leached into the acidic aqueous solution, and wherein the acidic aqueous

solution containing solubilized lead is treated with the anion.

14. A method as defined in claim 13, wherein a chemical spot test is used

in step (c).

15. A method for evaluating the effectiveness of washing for removal of
lead from an area of human skin, said method comprising:

(a) selecting an area of human skin in which the effectiveness of washing
for removal of lead is to be evaluated,;

(b) washing the area of human skin to remove lead,

(c) wiping the washed area of human skin with a handwipe whereby lead
contamination, if remaining on the area of human skin after washing, is retained
and collected on the handwipe; ‘

(d) solubilizing the lead collected on the handwipe with a mildly acidic
aqueous solution;

(e) treating the solubilized lead with an anion selected from the group
consisting of rhodizonate or sulfide; and

(f) observing the color formed in step (e);

wherein, if lead remains on the area of human skin on the surface, the color

formed is pink to red if the anion is rhodizonate or the color formed is brown to

black if the anion 1s sulfide.

- 13 =
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16. A method as defined in claim 15, wherein, if lead remains on the area

of human skin after washing, steps (b) through (f) are repeated.

17. A method as defined in claim 15, wherein the anion is rhodizonate,
wherein the lead is solubilized directly on the handwipe, and wherein the
solubilized lead is treated with the anion directly on the handwipe, whereby, if lead

remains on the area of human skin, the color formed is observed on the handwipe.

18. A method as defined in claim 17, wherein the mildly acidic aqueous
solution is sprayed directly on the handwipe and wherein a solution containing the

anion is sprayed directly on the handwipe.

19. A method as defined in claim 15, wherein the area of human skin i1s

tested for the presence of lead before the washing of step (b).

20. A method as defined in claim 18, wherein the area of human skin 1s

tested for the presence of lead before the washing of step (b).

21. A kit for the detection of lead on a surface suspected of lead
contamination, said kit comprising:

(a) a handwipe for wiping the surface whereby lead contamination, if
present on the surface, is retained and collected on the handwipe;

(b) an acidic aqueous solution for solubilizing any lead collected on the
handwipe;

(c) an aqueous solution containing an anion selected from the group
consisting of rhodizonate or sulfide for treating the solubilized lead to produce a
characteristic color if lead is present; and

(d) a set of instructions for carrying out the detection of lead on the surface

suspected of lead contamination;
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wherein, if lead is present on the surface, the characteristic color is pink to

red if the anion is rhodizonate or the characteristic color formed 1s brown to black

if the anion is sulfide.

22. A kit as defined in claim 21, wherein the acidic aqueous solution for
5 solubilizing any lead collected on the handwipe and the aqueous solution
containing an anion are sprayed directed on the handwipe whereby, if lead 1s

present on the surface, the characteristic color is formed on the handwipe.
23. A kit as defined in claim 22, wherein the instructions contain one or
more color samples for comparing to the characteristic color formed on the

10 handwipe if lead is present on the surface.

24. A kit as defined in claim 21, wherein the surface suspected of lead

contamination is human skin.
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