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This invention relates to a reagent and use of that reagent for detecting adulterants in aqueous samples, particularly in biological
specimens such as urine samples using a diazo dye precursor such as NN diethyl-1,4—phenylene diamine and a reagent such as creatinine
to stabilize a colored intermediate formed by the reaction of the diamine with nitrite ions for a period sufficient to allow that color to be
recorded and compared with a separate peak formed by a halogen-based oxidizing agent which may be present in solution.
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Reagent and Method for Detecting an Adulterant in an Aqueous Sample

Area of the Invention

This invention relates to a reagent and use of that reagent for detecting
adulterants in aqueous samples, particularly in biological specimens such as urine

samples.

Background of the Invention

Adulteration of urine specimens has become an increasingly significant issue in
urine drug testing. Products to mask the presence of drugs in the testing process are
readily available and new products continue to emerge to stay in the forefront of
technology. This invention provides a reagent that can be used in initial testing to screen
for the presence of multiple adulterants. The ability of the reagent to detect multiple
adulterants is significant because of the limited number of available reagent channels on
the instruments used for analysis. This invention provides a reagent and method for
detecting in a single, stable, test the presence or absence of three common adulterants:
nitrites, pyridinium chlorochromate and hypochlorites like common bleach.

Summary of the Invention

In a first aspect this invention relates to a colorometric method using a diazo
dye precursor for distinguishing between the presence of a nitrite ion and a chlorine-
containing oxidizing agent in an aqueous solution, which method comprises adding to
an aqueous solution a diazo dye precursor and an agent which stabilizes the colored
intermediate formed by the reaction of the nitrite ion with the diazo dye precursor,
reading and recording the absorbance of the solution at the peak corresponding to said
intermediate formed by the nitrite/diazo dye precursor reaction and the peak
corresponding to the color generated by the reaction of the chlorine-containing
oxidizing agent and the diazo dye precursor, and subtracting the absorbance of the peak
corresponding to the chlorine adulterant from the absorbance of the peak corresponding
to the intermediate formed by the nitrite/diazo dye precursor reaction, the readings
being taken from a single container or optionally from two different containers.

In a second aspect, this invention relates to an improved colorometric assay for
detecting and distinguishing simultaneously in a single pot containing an aqueous
solution the presence of a nitrite ion and a halogen-containing oxidizing agent using a
diazo dye precursor wherein the improvement comprises using between about 0.1 and
10% weight/volume of a nucleophilic compound as the stabilizing agent for stabilizing

the colored intermediate formed by the reaction of the diazo dye precursor and the
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nitrite 10on wherein the stabilized the intermediate is stabilized for at least about 1
minute or more.

In a third aspect this invention relates to a reagent for detecting simultaneously
In an aqueous sample the presence of nitrites and chlorine-containing oxidizing agents

wherein the reagent comprises a diazo dye precursor and a nucleophile stabilizing agent.

Description of the Figures

Fi1g. 1 is a tracing of the visible absorption spectra of a sample treated with DPD
and stabilizing agent to which sodium nitrite has been added.

Fig. 2 1s a tracing of the visible absorption spectra from a sample containing
DPD and stabilizing agent to which sodium hypochlorite has been added.

F1g. 3 1s a tracing of a visible absorption spectra from a sample containing DPD
and stabilizing agent to which pyridinium chlorochromate has been added.

Fig. 4 1s a graphical representation of measured concentration vs spiked
concentration data from an evaluation study involving solutions of sodium nitrite
treated with DPD and creatinine.

F1g. 5 1s a graphical representation of measured concentration vs spiked
concentration data from an evaluation study involving solutions of pyridinium
chlorochromate treated with DPD and creatinine.

F1g. 6 1s a graphical representation of measured concentration vs spiked
concentration data from an evaluation study involving solutions of sodium hypochlorite
treated with DPD and creatinine.

Detailed Description of the Invention

This invention can be used in any situation requiring the identification of the
presence of nitrites and halogen-containing oxidizing agents, particularly chlorine-
containing oxidizing agents, in the same sample. It has particular applicability in
identitying these two chemicals in aqueous samples where drug testing is involved:;
these two chemicals are added to samples to mask the presence of certain drugs or are
added in hopes that they will interfere with the assays used to detect certain drugs.
Drug testing 1s mandated or strongly support by many political and regulatory groups
and private industry. Hiring or continued employment may depend on a drug-free test.
Urine-based testing 1s a widely practiced way of detecting the use of controlled
substances or substances of abuse. Not too surprisingly those who have found
themselves placed in the predicament of having been exposed to certain drugs either
purposefully or inadvertently and receiving a request for drug testing have identified
and begun using chemicals which mask or interfere with the chemistries used to detect
certain drugs. These are called adulterants. Most are chemicals which can be readily

obtained by consumers, being that they have a number of uses and are readily available
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through many consumer or retail channels. Adulterants now showing up with Increasing
frequency are nitrite salts and certain oxidizing agents, particularly certain
chlorochromate salts and the alkali metal hypochlorites, e.g., sodium hypochlorite or
common bleach.

This invention provides a way to distinguish between the nitrites and oxidizing
agents such as bleaches and chlorochromates in a one-step one-pot test. One aspect of
the uniqueness of this assay is that it reads the absorbance of a stabilized intermediate
formed by the nitrite ion and the diazo dye precursor rather than reading the absorbance
of the diazo dye which forms as a result of reacting with the nitrite. In fact the diazo
dye does not give a useful visible absorption spectrum. As a result of stabilizing the
colored intermediate formed when the diazo dye precursor reacts with the nitrite ion and
the oxidizing agent, two distinct absorbance peaks are obtained, one corresponding to
the nitrite/diazo dye precursor intermediate and a second distinct peak corresponding to
the oxidization product of the diazo dye precursor. And both can be recorded from the
same sample at the same time. Thus the presence or absence of each distinct chemical
can be determined and a concentration for each, if present, can be calculated for the
same sample with just one pass.

The adulterants that this assay can usefully detect and distinguish between are
nitrite salts and halogen-based oxidizing agents, particularly chlorine-containing
bleaches such as the chlorochromate salts and the alkali metal salts of hypochlorus acid.
The alkali metal salts of nitrite, particularly sodium nitrite, represent the most
commonly encountered nitrite adulterants. Pyridinium chlorochromate is the most
commonly encountered chlorochromate adulterant. Common household bleach, sodium
hypochlorite, is the most frequently encountered hypochlorite drug sample adulterant.
Other halogen-based oxidizing agents can also be detected and distinguished using this
invention.

A diazo dye precursor combined with a compound which is believed to stabilize
the cherry-red colored intermediate formed by the reaction of the diazo dye precursor
and the nitrite ion provides the basis for distinguishing between nitrite ions and
halogen-based oxidizing agent.

In the context of this invention diazo dye precursors are thought to undergo a
coupling reaction with nitrite ions to form a short-lived colored intermediate which then
decays to a stable final product which has a different visible absorption spectra from
that of the intermediate (Butler, R.M., Chem Rev, vol 75, p241 1975; Butler, R.M., JOC
Perkins Trans, p1357, 1973).

In the course of attempting to develop an assay to identify the presence of

abnormal amounts of nitrites and/or oxidizing agents, it was observed that when the
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diazo dye precursor N,N-diethylphenylene diamine (DPD) was added to urine samples a
cherry-red hue formed but faded in a matter of a few seconds followed by the
development of a purple color, comonly refered to as a diazo tar. The latter color 1s
useless for analytical purposes. It was thought that the fleeting cherry-red hue may have
a visible absorption spectra which might be distinct from that of the visible absorption
Spectra observed in a urine sample containing a halogen-based ox1dizing agent to which
the dye precursor had been added. But because the cherry-red color was so fleeting it
could not be used to generate reliable reproducible data. However it was noted that In a
couple of urine samples spiked with nitrite salts the cherry-red hue appeared to be a bit
more persistent. On further investigation it was found that these samples shared a
common phenomenon, each had a high creatinine level. F ollow-up studies confirmed
that adding creatinine stabilized the cherry-red color formed by adding the diazo dye to
a nitrite-containing urine sample to a degree that allowed one to reliably and
reproducible record the visible absorption spectra of that solution. This data shoWed
that the stabilized DPD/nitrite color had an intense absorption peak at411 nmand a
weak absorption at 540 nm. This is important because samples with halogen-containing
oxidizing agents to which DPD were added generated an intense absorption at around
540 nm.

Diazo dye precursors which can be used in this invention are the aromatic
diamines such as the phenyl and naphthalene diamines which form diazo compounds
under appropriate conditions and in the presence of certain chemicals. Generally
speaking the precursors which are useful in this invention are the anilines, the
anilinonaphthalenes and the likes of p-arsenilic acid which, when exposed to nitrite ions
and halogen-based oxidizing agents, form intermediates exhibit a visible absorption
spectra. While the para-substituted diamines usually exhibit the most intense color,
ortho-substituted or meta-substituted diamines should work also. It is preterred that one
of the nitrogens on the aromatic ring be mono or dialkylated, the other be substituted
solely by hydrogen, so that only one of the nitrogens reacts with the nitrite ion and so
that only diazo dyes are formed ultimately rather than polmerized imines. The
tollowing non-exhaustive list of compounds is believed to be illustrative of diazo dye
precursors which can be used 1n this invention: N,N-diethylphenylene diamine (DPD);
3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl tetrazolium bromide, dimidium bromide: 2.4-
dinitro-1,8-naphthalenediol; 2,4-dinitro-1-naphthol; 2,2-diphenyl-1 -picrylhydrazyl; N-
ethyl-N-(2-hydroxy-3-sulfopropyl)aniline; ethidium bromide; ethyl red; fast blue B, BB
and RR and their salts; fast green dyes; fast red dyes; fast violet dyes; fast yellow dyes;
cresol red; cresol blue; HABA; 1-(2-hydroxyphenylazo)-2-hydroxyazobenzene; 3-
methyl-N-ethyl-N-beta-hydroxyethylaniline; methylene blue, green or violet; methyl

-4 -
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green, orange, or red; mordant dyes; naphthol blue or green: n-(1-
naphthyl)ethylenediamine hydrochloride; naphthly red: I-(p-nitrophenylazo)-2-
naphthol; pararosaniline; phenol red; p-phenylazoaniline: o-phenylenediamine; 1-(2-
pyridylazo)-2-naphthol; pyrocatechol violet; Sudan I, II. III or IV; 2-(2-thiazolyazo)-5-
diemthylaminophenol; 1-(2-thiazolylazo)-2-naphthol; and 4-(2-thiazolylazo)resorcinol.
DPD 1s most perferred.

The amount of diamine, or precursor, used will be some concentration which 1s
sufficient to give a useful visible absorption spectra. Generally this will be some amount
between about 0.7 and 0.9 mg per mL. Precursor is dissolved in a suitable solvent prior
to being added to the test sample. Various solvents can be used so long as the
compound dissolves in it. For example when DPD is used it is convenient to first
dissolve 1t in a short-chain organic acid such as formic acid or acetic acid before
diluting it further with water.

The stabilizing agent used herein will be a compound that, when combined with
a diazo dye, which in the presence of a nitrite ions in solution forms a colored
Intermediate, stabilizes that colored intermediate formed between the diazo dye and the
nitrite 10ns react, to give a visible absorption spectra which persists for at least about 1
minute. This stabilizing agent is also called herein a nucleophilic compound. It 1s
believed useful stabilizers will have a common characteristic, that of having a pair of
electrons to interact with and stabilize the transition state of the observed colored
intermediate through which the diazo dye/nitrite reaction proceeds. This 1s a theoretical
explanation of what has been observed; the invention is not to be limited by the theory
of how the intermediate might be stabilized. Having discovered that creatinine
stabilizes this colored intermediate it is believed other amines can also be used as
stabilizing agents. Diethyl amine has been tested and gives equivocal results with DPD
but may be efficacious when combined with other diazo dye precursors. Citric acid
could used as well.

Time-wise, the color of the intermediate in a target sample should persist for
several minutes. While it is recognized that some spectrophotometers can record rapid
spectral events, in the context of routine chemaical analyses time from sample
preparation to spectral processing requires that the sample demonstrate the spectral
event tor a couple of minutes. And the event must be reliably reproducible so that data
from at one time point can be compared against data at another time point. When the
purplish color was first observed in nitrite-spiked urine samples to which DPD had been
added, the color was so fleeting that in was of no practical value to testing for
adulterants. When it was discovered that nucleophiles could stabilize the transition

state of the DPD/nitrite reaction, the target became that of creating a test in which the

-5
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color would persist for at least a minute. That was achieved by 1dentifying creatinine as
a stabilizing agent and by fnanipulating the concentration of creatinine in the reaction
pot. Time-wise, the color should persist for at least a minute. Pretferably it will persist
for at least 2 minutes. To achieve at least about 1 minute of persistence in the color of
the intermediate, about 0.1 and 10% by weight/volume of the nucleophile should be
present in the test sample.

A preterred embodiment of this invention is one where the dye 1s N,N-
dimethylphenylene diamine (DPD) and creatinine as the stabilizing nucleophile. DPD
1s available commercially. It is can be purchased from Sigma-Aldrich or ICN
Biochemicals.

When a nitrite salt is present the nitrite ion reacts with DPD to produce an
intermediate which has an intense absorption peak at 411 nm and a weak absoption peak
at 540 nm. If a chlorochromate or hypochlorite ions are present the reaction with DPD
produces an intense absorption peak at 540 nm. These two distinct absorption maxima
provide a means for distinguishing between nitrites and oxidizing agents. As a practical
matter, the cherry-red color of the nitrite/DPD intermediate is measured at 410 nm. In
tact the measurement of the cherry-red color can be varied around the 411 nm
maximum up to £5 nm without loss of sensitivity or accuracy. Similarly the 540 nm
maximum peak can be read at £5 nm without loss of sensitivity or accuracy as well.
Having identified the existence of a second measurable maximum at 411 nm, the
precise choice wavelength in that area of the visible spectrum and that surrounding the
540 nm maximum of the oxidization product is within the skill of the practitioner.

The following examples are provide to illustrate the invention but are not

mtended to himit it in any fashion or to any degree.

- Example 1
DPD/Creatinine Reagent

A reagent for detecting the presence of nitrites, chlorochromates or
hypochlorites 1s prepared as follows:

Creatinine (2 gm) is dissolved in 200 mL deionized water and a quantity of
delonized water sufficient to make a volume of 500 mL. Then 0.4 gm of N,N diethyl-
l,4-phenylene diamine is dissolved in 30 mL of glacial acetic acid. To this solution is
then added enough of the creatinine solution prepared above to give a volume of 500
mL. This solution is then ready for use in the colorometric assay for detecting nitrite

and chlorine-containing adulterants.
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Example 2
Figures 1 and 2 set out the visible spectra for the DPD reagent prepared in

Example 1 when sodium nitrite, sodium hypochlorite and pyridinium chlorochromate
are added. The visible spectra of the dye that forms with sodium hypochlorite is
identical to the visible spectra of the dye that forms from the reaction with pyridinium
chlorochromate. It can easily be seen that the sodium nitrite produces a dye with
Intense absorption at about 411 nm and a weak absorption at around 540 nm. Sodium
hypochlorite generates an intense absorption only at 540 nm as does pyridinium
chlorochromate. A useful analytical method results which gives positive absorbance for
sodium nitrite and negative absorbance for sodium hypochlorite and pyridinium
chlorochromate. The method is useful for concentrations of sodium nitrite above two
thousand PPM. High concentrations of sodium hypochlorite (20% solutions) increases
the lifetime of the cherry-red dye. Results are shown in Table I. These results are based
on readings taken with the spectrophotometer set to record at 410 nm and 540 nm.
Table 1
Absorbances for NaNO», NaOCl, and Pyridinium Chlorochromate

NaNo» Concentration | Pyridinium Absorb. NaOCl Absorb.
Conc. Units Chloromate |
200 pg/ml 122.6 125 ppm -79.25 1% -742.2
400 pg/ml 321.1 250 ppm -159.6 4% -1724.8
500 ng/ml 338.0 500 ppm -320.2 6% -2212.4
1000 pug/ml | 534.2 1000 ppm | -601.4 10% tflagged as
‘ high
2000 pg/ml | 972.2 30% flagged as
high
Table 2
Spectrophotometer Parameters -- Olympus AUS000
Samepl Vol. | 3 ul Wavelength 1 410 nm measuring pt | cycle 2
Reagent Vol. | 250 ul Wavelength 2 540 nm |

Dilution Vol. | 250 ul method endpoint

Example 2
Validation Studies

Vahdation studies were performed to evaluate the following parameters for

nitrite, pyridinium chlorochromate and sodium hypochlorite:

-7 -
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Linearity - the linear range at multiple concentration ranges above and below
the cutoff were evaluated.
Precision - Intra-run precision was evaluated at the concentration ranges used

for linearity evaluation. Inter-run precision was evaluated on quality control samples
spiked at +25% and -25% of cutoff.

Correlation-

Nitrite: Specimens were tested for nitrite using a current nitrite reagent and DPD and
creatinine as prepared in Example 1.

Pyridinium Chlorochromate: Specimens tested for pyridinium chlorochromate
and found to be positive were also evaluated by gas chromatography/mass spectrometry
to confirm the presence of the adulterant.

Sodium hypochlorite (bleach): Specimen were tested for bleach and found to be
positive were also evaluated using an AquaCheck dipstick to confirm the presence of
chlorine.

Carryover - High concentrations of nitrite, pyridinium chlorochromate and
bleach were evaluated along with negative controls to determine the level at which
carryover occurs 1n the testing process.

Olympus AU 5061 and AU800 chemistry analyzers were used for recording

absorbance spectra.

In each of these assays the target adulterant was spiked into deionized water for
nitrite and urine for pyridinium chlorochromate and bleach and then DPD/creatinine
reagent prepared as per Example 1 was added as described below.

2(a)  Na Nitrite Evaluation with DPD/creatinine Reagent

Table 3 sets out results observed when solutions containing increasing
concentrations of sodium nitrite were treated with the DPD/creatinine reagent described
in Example 1. Water was spiked with sodium nitrite to give different concentrations of
nitrite as the starting point for generating an absorbance curve. Urine could not be used
as nitrites often occur naturally in some urine samples. Spiked samples were processed
through an Olympus AU800 autoanalyzer which sampled a 3 pl aliquot of the spiked
specimen, mixed 1t with 250 ml of the DPD/creatinine reagent described in Example 1
and 250 ml of deionized water. The analyzer control software was set to S1 = 0 and E1
= 2 and a reading was taken at 410 nm.

Readings up to 200 pg/ml are considered to be reflect unadulterated samples.
Samples with readings between 201 and 499 pg/ml are flagged as being unacceptable
and samples with readings of 500 pg/ml or higher are retested for nitrites using a second

colorometric assay.
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Table 3

Nitrite Evaluation with DPD/Creatinine Reagent I |
jNitrite Assayed Values (concentration units) |Average

Conc - | .

Lug/ml

50 54 56 56 55 50 54
100 106 112 108 108 106 108
250 246 267 260 263 256 258
375 373 398 383 379 372 381
1500 479 504 501 491 487 1492 |
625 597 645 619 629 611 620
750 690 737 729 733 700 1718
1000 885 961 930 905 905 917
2000 1498 1553 1561 1580 1475 1533
3000 1887 1997 1928 1931 1881 1925

2(b)  Pyridinium Chlorochromate Evaluation with DPD/creatinine Reagent

Urine was spiked with various amounts of pyridinium chlorochromate as the
starting point for generating an absorbance curve. Spiked samples were processed
through an Olympus AU800 autoanalyzer which sampled a 3 pl aliquot of the spiked
specimen, mixed it with 250 ml of the DPD/creatinine reagent described in Example 1
and 250 ml of deionized water. The analyzer control software was set to S1 = 0 and E1
= 2 and a reading was taken at 540 nm. Table 4 contains the data from five runs and
Figure 4 1s a graph of these results.

Based on the imstrument priritouts In concentration node, readings greater than -
100 pg/ml are considered to be reflect unadulterated samples and readings of less than
or equal to -100 pg/ml are subjected to alternative testing to confirm the presence or

absence of pyridinium chlorochromate.
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Evaluation of Pyridinium Chlorochromate with }

|
l DPD/creatinine Reagent | |
1Conc Assayed Values (concentration units) 'Average |

| pg/ml

’m

l125 -101 -104 -99 -103 -102 _

150 -116 -123 -123 118 -121 -120
1187.5  |-147 -153 -154 -154 -154 -152
225 -176 -186 175 172 177
500 -372 403 -403 407 -390 -395
1000 757 -802 -786 779 -750 775
2000 -1399  |-1472  |-1460  |-1410  |-1416  |-1431
3000 -2017 2092|2110  [-2068  |-2045  |-2066
4000 2596  |-2724 lﬂﬁﬂﬂllll-z665 2644  |-2663

Table 4

50 -40 41 42 .36 .42 -40
75 -60 61 .63 .62 .63 -62
112.5 -85 -89 -92 -86 -87 -88

2(c)  Evaluation of DPD/creatinine as a test for Na hypochlorite

Urine was spiked with various amounts of sodium hypochlorite as the starting
point for generating an absorbance curve. Spiked samples were processed through an
Olympus AU800 autoanalyzer which sampled a 3 ul aliquot of the spiked specimen,
mixed 1t with 250 ml of the DPD/creatinine reagent described in Example 1 and 250 mli
of deionized water. The analyzer control software was set to S1 =0 and E1 =2 and a
reading was taken at 540 nm. Resulits are given in Table 5 and in graphic form in Figure
5.

Based on the instrument printout in concentration mode, readings of greater
than -100 pg/ml are considered to represent normal unadulterated samples and readings

equal to or less than -100 pg/ml or higher are confirmed by a second test for chlorine.
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Table 5 |
———— e
| Evaluation of Sodium Hypochlorite with DPD |

i
| Reagent |

30.00

Abs Error

Abs Error

Abs Error

ADbs error

Conc * |Assayed Values (Absorbance units Average
0.50 -61 -9 -36 -42 -9 -37

1.00 -101 -25 -71 -124 -29 -80

2.50 -256 -158 -231 -183 -03 -184
3.75 -122 -303 -234 -147 -202
5.00 -304 -151 -289 211 135 -218
6.25 -267 -143 -275 -191 -131 -201
7.50 -256 -130 -268 -173 -113 -188
10.00 -278 -269 -747 -390 -349 -407

120.00 -1734 Abs Error |Abs Error |IAbs Error |Abs error

Abs Error

Series 6

*Percent volume/volume of a Na hypochlorite solution containing 5.25%

sodium hypochlorite

- 11 -
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CLAIMS:

1. A colorometric method for detecting an oxidizing
adulterant i1n urine, the method comprising:

(a) mixing a reagent with a urine sample, the
reagent comprising N,N-diethylphenylene diamine and
creatinine; and

(b) detecting an absorption peak associated with the

presence of the oxidizing adulterant.

2 . A method according to claim 1, wherein oxidizing

adulterant i1s nitrite.

3. A method according to claim 1, wherein oxidizing

adulterant i1s a pyridinium chlorochromate.

4 . A method according to claim 1, wherein the oxidizing

adulterant 1s a hypochlorite.

5. A method according to any one of claims 1 to 4, whereiln
the reagent comprises about 0.8 g/L of N,N-diethylphenylene

diamine.

6. A method according to any one of claims 1 to 5, wherein
the reagent comprises about 0.4 g/L of N,N-diethylphenylene

diamine at time of absorption reading.

7. A method according to any one of claims 1 to 6, wherein

the reagent comprises about 3.8 g/L of creatinine.

8 . A method according to any one of claims 1 to 7, wherein

the reagent comprises about 1.9 g/L of creatinine at time of

absorption reading.
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9. A colorometric method for detecting an oxidizing
adulterant, the method comprising:

(a) mixilng a reagent with a urine sample, the
reagent comprising about 0.8 g/L of N,N-diethylphenylene

diamine and about 3.8 g/L of creatinine; and

(b) detecting an absorption peak associated with the

presence of the oxidizing adulterant.

10. A colorometric methcd for detecting an oxidizing
adulterant 1n urine, the method comprising:

(a) mixing a reagent with a urine sample, the
reagent comprising N,N-diethylphenylene diamine and
creatinine; and

(b) detecting at least two absorption peaks

assoclated with the presence of the oxidizing adulterant.
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Figure 4
_r.Na Nitrite Solutions Treated with the DPD Reagent
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Figure 5
Response Curve for Pyridinium Chlorochromate treated with DPD Reagent
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Figure 6
Ri:sp_ogs_e Curve for Na Hypochlorite Solutions Treated with DPD Reagent
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