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Abstract
This study was conducted to better understand the influences exerted by seven Taiwan-produced adulterants on the forensic
screening fluorescence polarization immunoassay (FPIA), TDx in the present study, of urinary amphetamines. The results
verified that, when added at 5-15 % (w/w), chlorine bleach would lower the TDx outcomes of the fortified specimens by 20.340.9 % and was most likely to cause false negatives. Table salt, drinking soda water, alum, tap water, and potassium dichromate
would decrease the TDx numerals by 3.0-9.5 %, 9.0-20.8 %, 8.7-16.4 %, 6.6-16.3 %, and 11.1-27.4 %, respectively, and would
also have the chance to negate near-cutoff specimens into false negatives. Conversely, liquid soap added at 5-15 % (w/w) would
raise the TDx readings of the fortified specimens by 17.8-36.8 % and would cause false positives. Drug pairs MA/AP and
MDMA/MDA showed similar trends of concentration change with regard to the adulterant influences. For a certain drug-pair at
a certain level, the magnitude of influence caused by a certain adulterant enlarged with increased amount of the added adulterant,
but the relationship did not appear linear. On the whole, the direction and magnitude of the overall influence of an adulterant
on the TDx test was difficult to track based on the kind and amount of the adulternat, probably because of the complex cross
reactions, side reactions, and/or other factors associated. For case specimens, the adulterant influences were similar to those on
the fortified specimens. However, all the TDx sum-APs concentrations were far higher than the corresponding GC-MS MA or
MDMA concentrations, because the TDx-active ingredients in a case specimen included all the APs-like analytes, metabolites,
and interfering species but the highly specific GC-MS was aimed to quantitate the separately targeted, unmetabolized APs only.
Keywords:Adulterant; Urine drug testing; Fluorescence polarization immunoassay (FPIA); Gas chromatography-mass
spectrometry (GC-MS); Amphetamine; Methamphetamine; 3,4-(Methylenedioxy) amphetamine (MDA); 3,4(Methylenedioxy) methamphetamine (MDMA)

Introduction
Urine testing has long been used to detect the abuse
of controlled drugs and continues to be an important
program in many public and private sectors [1]. Since
test results stand alone as the sole evidence in most
of the cases concerning drug abuse, it is paramount
that urine drug testing leaves no question as to the
validity of results. With the increasing application
of drug urinalysis, however, sample substitution [2],
dilution [2-4], or adulteration [5-10] by the testee with
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the intention to avoid detection of previous drug use
is becoming a serious problem. Over the past several
years, there have been an increasing number of chemical
adulterants marketed on the Internet and in counterculture, pro-drug use magazines [11]. These so-called
“masking agents” and/or “cleansing agents” are often
toxic or corrosive and are advertised as able to prevent
laboratories from detecting drugs or metabolites in
physiological specimens (e.g., urine, hair, oral fluid)
that are collected as part of a drug-testing program.
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Examples of adulterants include various nitrites (Klear,
Whizzies), pyridinium chlorochromate (Urine Luck,
LL481, Sweet Pee’s Spoiler), surfactant (Mary Jane
SuperClean 13), and acid (Amber-13, THC-Free). As of
this time, approximately 400 different products (although
many contain the same adulterant) are available for
adulterating urine specimens.
Compared to blood analysis whose sample is
typically collected by trained medical personnel, the less
invasive urinalysis is particularly vulnerable to in vivo
and in vitro sample substitution, dilution, or adulteration.
In as early as 1990, Cody described in a review a variety
of means of carrying out and detecting urine specimen
adulteration [12]. He also discussed briefly the effects of
adulterants on such initial (or screening) immunoassay
(IA) tests as fluorescent polarization immunoassay
(FPIA), enzyme multiplied immunoassay (EMIT),
radioimmunoassay (RIA), and such confirmatory (or
evidential, conclusive) test as gas chromatography-mass
spectrometry (GC-MS), based upon the data obtained by
his own laboratory and several others. By “briefly,” it
means at that time there were already many stories in the
forensic community about the use of various substances
which had been discovered in urine specimens, but few
data were available in the literature to assess the extents
of impacts. Unfortunately, even up to date there have not
appeared many further reports in the literature evaluating
in depth the impacts of adulterants on drug urinalysis,
particularly on the accuracies of TDx (an FPIA
instrument manufactured by the Abbott Laboratories,
USA) and GC-MS assays of urinary APs, although much
attention has been paid to the detection of urine specimen
adulteration.
E v e r s i n c e t h e 1960s a m p h e t a m i n e s (A P s),
e s p e c i a l l y m e t h a m p h e t a m i n e (M A) a n d 3,4(methylenedioxy)methamphetamine (MDMA), have
been among the most prevalent drugs of abuse in Taiwan.
There have also been a number of real cases associated
with detected urine specimen substitution, where the
specimen donors shall have been liable on summary
conviction to considerable criminal penalties. In
contrast, probably because in today’s Taiwan advanced
adulterants are not so accessible as in the States and the
labor and cost for conducting adulterant pre-screen tests
is unprofitable, few institutions responsible for forensic
drug urinalysis would include these specimen validity
tests (SVTs) in their routine work [12]. This loophole

could have produced some actually erroneous results, as
some adulterants are rumored and reputed in Taiwanese
drug community to interfere with the drug testing
process. Although, as Cody stated, “no evidence exists
to suggest that an adulterant can cause a false positive
result if good forensic procedures are followed including
confirmation of initial positive results using a second
methodology based on a different chemical principle
such as GC-MS [13],” the possibility for an adulterantfooled GC-MS test to negate a true initial positive into
false conclusive negative does exist, not to mention that
some actually true positive specimens may have at all
escaped the GC-MS test due to the false initial negatives
caused by adulterants. With regard to the former case,
we have previously reported that a sufficient amount
of degrading adulterant may significantly lower the
extraction recovery and/or derivatization yield of a GCMS analyte leading to false conclusive negative and
that even a chemically inert liquid adulterant added at
as little as 5 % of the urine volume or weight can make
a marginal initial positive turn false conclusive negative
simply due to dilution [14]. As for the latter case, the
States and Taiwan should have reduced considerably
(but not avoided completely) the occurrences of
adulterant-induced false initial negatives by, respectively,
implementing the SVT policies and adopting the far
lower 500-ng mL-1 initial sum-APs cutoff (compared to
the Federal 1000-ng mL-1 counterpart).
For years our laboratory has been engaged in the
analyses of APs in various matrices [15-23]. So far as
APs urinalysis is concerned, we have been pacing the
Taiwanese version of forensic drug testing program,
which was mostly trasplanted from the States (with the
exception of the above stated screening cutoff for sumAPs). Althogh currently in Taiwan FPIA (e.g., TDx)
as an initial test is seldom used because of its much
higher instrumental cost compared to the prevailing noninstrumental enzyme multiple immunoassay technique
(EMIT), the former is generally considered to be more
accurate and precise than the latter and has been to some
extent adopted in the States. Being a possession of our
laboratory, TDx/TDxFLx coupled with Amphetamine/
Methamphetamine II was employed in this native
validation study to better understand the influences of
some easily accessed Taiwan-produced adulterants on the
FPIA screening assays.
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Experimental
Materials
A u t h e n t i c d , l-m e t h a m p h e t a m i n e (M A), d , la m p h e t a m i n e (A P), d , l-3,4-(m e t h y l e n e d i o x y)
methamphetamine (MDMA), d,l-3,4-(methylenedioxy)
amphetamine (MDA), and their GC-MS internal
standards (ISs) MA-d8, AP-d8, MDMA-d5, and MDAd5 were all purchased from Cerilliant Co., USA, as 0.1
mg mL-1 in methanol and collectively referred to as
amphetamines (APs). The MA/AP and MDMA/MDA
binary working solutions as well as the MA-d8/AP-d8
and MDMA-d5/MDA-d5 binary ISs working solutions
were all prepared as 10 µg mL-1 in D.I. water with
respect to each authentic compound.
The derivatizing agent, heptafluorobutyric anhydride
(HFBA), used for preparing the GC-MS analytes was
ordered from Sigma Chem. Co., USA. Ethyl acetate
(EA), methanol, methylene chloride, ammonium water,
hydrochloric acid, and anhydrous sodium hydroxide
were ordered from Fisher Scientific, USA. All of the
above agents and solvents were in analytical or reagent
grade and were directly used without further purification.
Seven Taiwan-produced in vitro adulterants were
tested in this study: table salt (99.5 % sodium chloride
containing 20-35 ppm of potassium iodate), liquid soap
(containing surfactant, anti-fungus formula, lamb lotion;
pH 5 ± 1), chlorine bleach (containing hypochlorite;
pH 12.0 ± 0.5), Vitali drinking soda water (containing
vitamins C, B1, and B2, sucrose, citric acid, sodium
citrate, carbonic acid, perfume), tap water, potassium
dichromate (99.5 %), alum (98 % aluminum ammonium
sulfate). The former four were obtained from a local
supermarket and the latter two from the First Chemicals
Co., Taiwan. Whether originally in liquid form (liquid
soap, chlorine bleach, Vitali soda water, and tap water)
or as powder (table salt, alum, and potassium dicromate),
all adulterants were added directly to the urine at the
below stated w/w percentages.

Urine collection, spiking and adulteration
Caffeine/drugs free, unadulterated urine as a
mixture (pH 6.0) was contributed by ten students from
the Central Police University and was referred to as
normal urine. The investigations for MA/AP and for
MDMA/MDA were conducted separately. In addition
to the respective five serial spikes for plotting the

GC-MS method calibration curves (see Results and
Discussion section), two other unadulterated urine spikes
were prepared by adding the MA/AP binary working
solution and MDMA/MDA binary working solution,
respectively, to the normal urine to make each drug’s
final concentration equivalent to 125 % of the 500-ng
mL-1 cutoff. To 10 mL each of the two APs-fortified
yet unadulterated spikes were then added an appropriate
adulterant at 5, 10, and 15 % (w/w), respectively.
Ten real-case urine specimens previously tested
positive for MA/AP (five) or MDMA/MDA (five) and
scheduled for disposal were provided as gifts by the
Taiwan Union Clinical Laboratory. Being mostly too
rich in APs while not having enough volume to run all
the planned tests, they were properly reconstituted (i.e.,
some were combined and some diluted with normal
urine) into six specimens (three for MA/AP and three for
MDMA/MDA) prior to formal analyses.
All urinary spikes and case specimens were
subjected to the TDx (FPIA) screening and GCMS confirmatory tests before and after appropriate
adulteration, and the differences in drug concentration
were noted. [The GC-MS part has already been reported
elsewhere [14].] To simulate the actual situation and
comply with the Taiwan official Guidelines for Urine
Specimen Collection and Urine Drug Testing, we
performed all the adulteration steps while the urine
specimens had not yet been refrigerated or, for case
specimens, after warming up the previously －20℃
frozen urine to ambient temperature, but all specimens
to be tested were refrigerated at 5℃ for at least 24 h
after adulteration at ambient temperature, and mixed
thoroughly prior to tests. [Relevant rules listed in
the Taiwan official Guidelines include: check the
temperature of the specimen within four minutes after
the donor hands the officer the specimen; specimens that
do not receive an initial test within one day of arrival at
the laboratory shall be refrigerated at temperatures not
exceeding 6℃; positive and split (bottle B) specimens
shall be stored frozen at －20℃ or colder.]

FPIA screening test
A n A b b o t t T D x/T D x F L x s y s t e m (A b b o t t
Laboratories, USA) along with the Abbott Amphetamine/
Methamphetamine II reagent kit was used for evaluating
the influences of the adulterants on the FPIA outcomes
of the urine specimens. This assay needed no sample
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preparation. Assay calibration was performed according
to manufacturer’s recommendation using six Abbott
human urinary d-AP calibrators (0, 150, 300, 1000, 3000,
and 8000 ng mL-1) and three Abbott human urinary d-AP
controls (for ranges 400-600, 1270-1730, and 3400-4600
ng mL-1 with 500, 1500, and 4000 ng mL-1, respectively,
being targeted), with the factory-set threshold 300 ng
mL-1 adopted throughout this part of study. Manual
dilution with Abbott X Systems Dilution Buffer by
an appropriate dilution factor was performed for any
specimen whose drug concentration first analyzed higher
than 8000 ng mL-1 (“HI” would be printed) to acquire a
numerical result. All detailed procedures were described
in the operation manual.

GC-MS confirmatory test for case study
1. Sample preparation
Samples for GC-MS analyses were prepared
by solid phase extraction (SPE) of urine specimens
followed by chemical derivatization (ChD). The SPE
was performed with the aid of a Zymark RapidTraceTM
SPE Workstation employing a 130-mg HCX (3 mL)
Isolute SPE Cartridge [International Sorbent Technology
(IST), UK]. To 1 mL of drug-free or APs-containing,
unadulterated or adulterated urine specimen in a test
tube was added 50 µL each of the MA-d8/AP-d8 and
MDMA-d5/MDA-d5 binary ISs working solutions and 1
mL of 0.1 M, pH 6 phosphate buffer, giving pH 5.5-6.5.
The rest of SPE procedure and conditions were based
on those described in the operation manual and those
previously reported in the literature [24]. The resulting
dried residues from the SPE were dissolved using 2 mL
of methlene chloride/methanol/ammonia water (78:20:2,
v/v), transferred to a screw-cap topped derivatizing tube,
purged with nitrogen gas to dryness again, and subjected
to a ChD procedure previously reported for MA and AP
with only minor modifications [21]. The residues were
re-dissolved with 50 µL of EA, and to the solution 50
µL of HFBA was added. The mixture was incubated at
70℃ for 20 min, and then centrifuged at 3000 rpm for 5
min. The supernatant was transferred to a concentration
tube and purged with nitrogen gas to dryness. Bring
the volume to 200 µL with EA. A 1-µL aliquot of the
reconstituted solution was injected for the GC-MS
analysis.
2. GC-MS analysis

The GC-MS analyses were carried out using a
Hewlett-Packard HP-6890 Series II gas chromatograph
coupled to an HP-5973 Series mass selective detector
(MSD). The GC column used was an HP-5 MS capillary
column (30 m × 0.25 mm i.d., 0.25 µm). The GC
was operated in the splitless mode (i.e., purge off)
when performing injection with the aid of an HP-7683
autosampler, but 1 min later the purge valve was turned
on. The injection port temperature was 210℃. The
column temperature was programmed from 70 to 120℃
at 10℃/min and then to 250℃ at 25℃/min, with the
initial temperature held for 1min and final temperature
for 3.8 min totaling 15 min of chromatography. Helium
of 99.99 % purity was used as the carrier gas at a flowrate of 1 mL/min. Effluents from the GC column was
transferred via a transfer line held at 280℃ to a 70-eV
electron impact (EI) ionization source held at 180℃.
The instrument was first operated in full-scan
mode where relevant total ion current (GC-EIMS TIC)
chromatograms and mass spectra were acquired to look
into the fragmentation nature (with the aid of a software
named “High ChemTM Mass Frontier Version 1.0”) of
the previously lesser explored HFBA-derivatized APs,
and then in selected ion monitoring mode (GC-EIMS
SIM) to further evaluate the qualifier and quantifier
ions and run the formal analysis. The calibration curves
were produced by plotting the analyte-IS peak area
(quantifier ion abundance) ratio obtained from the SIM
measurement against the concentration of the analyte in
the fortified samples.

Results and Discussion
Effects of adulterants on FPIA screening test
The TDx assay is essentially semi-quantitative
rather than quantitative as it is a drug class test rather
than a drug specific one; yet, it is calibrated against a
representative analyte in that drug class. In addition,
the calibrator recommended by the manufacturer and
actually used in this study was d-AP, but the four APs to
be assayed were all their respective racemic mixtures.
This would have inherently affected the accuracies of the
observed sum-concentrations.
Table 1 summarizes the TDx outcomes of sum-MA/
AP and sum-MDMA/MDA for the two unadulterated
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Table 1 TDx levels of sum-MA/AP and sum-MDMA/MDA a,b,c observed for unadulterated (control) and adulterated
urine spikes each formerly fortified with 625 (i.e., 312.5 + 312.5) ng mL-1 of the appropriate drug pair d

Adulterant added

MDMA/MDA found

(%, w/w)

Sum-conc. (ng mL-1) /
RSD (%)

Ratio to
unadult. e

Sum-conc. (ng mL-1) /
RSD (%)

Ratio to
unadult. e

Unadulterated

588.2 f / 6.72

1.000

558.8 g / 5.96

1.000

5

570.7 / 8.95

0.970

528.6 / 6.53

0.946

10

549.1 / 6.67

0.934

522.5 / 5.28

0.935

15

532.5 / 4.86

0.905

513.6 / 8.77

0.919

5

675.9 / 6.28

1.149

658.3 / 9.84

1.178

10

749.4 / 8.14

1.274

704.1 / 9.22

1.261

15

804.5 / 9.93

1.368

743.2 / 10.06

1.330

5

468.9 / 9.93

0.797

432.5 / 8.59

0.774

10

394.6 / 10.86

0.671

383.6 / 9.65

0.686

15

347.6 / 9.69

0.591

339.2 / 11.82

0.607

5

538.8 / 6.16

0.916

508.6 / 9.93

0.910

10

498.4 / 7.76

0.847

469.2 / 6.71

0.839

15

471.7 / 8.64

0.802

442.5 / 8.39

0.792

5

537.0 / 9.04

0.913

516.8 / 8.21

0.925

10

508.7 / 8.69

0.865

490.6 / 7.38

0.878

15

491.5 / 7.58

0.836

476.7 / 8.59

0.853

5

549.4 / 6.02

0.934

515.4 / 6.33

0.922

10

532.1 / 5.76

0.905

490.2 / 4.88

0.877

15

517.6 / 4.83

0.880

467.7 / 6.19

0.837

5

522.9 /6.95

0.889

483.9 / 7.63

0.866

10

483.5 / 5.98

0.822

448.0 / 6.52

0.802

15

427.0 / 8.57

0.726

423.6 / 7.65

0.758

Table salt

Liquid soap

Chlorine bleach

Vitali drinking
soda water

Alum

Tap water

Potassium
dichromate

a
b
c
d
e
f
g

MA/AP found

To facilitate relevant comparisons, each specimen contained only one of the two test pairs of drugs.
All the concentrations listed in this table are means of triplicate analyses.
Italicized, underlined figures are below Taiwan’s 500-ng mL-1 screening cutoff for sum-APs, i.e., false negatives.
Equivalent to 125 % of the Taiwanese sum-APs cutoff .
A ratio larger/smaller than unity means the adulteration has caused a positive/negative error.
Overall cross-reactivity = 94.1 %, i.e., bias = －5.9 %.
Overall cross-reactivity = 89.4 %, i.e., bias = 10.6 %.
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and various adulterated urine spikes, as well as the
respective impacts of adulterants in terms of the found
adulterated-unadulterated concentration ratio. To
facilitate the comparisons, each spike contained only
one of the two test pairs of drugs; that is, all the spiked
specimens were originally fortified with MA/AP or
MDMA/MDA equivalent to 125 % of Taiwan’s 500-ng
mL-1 cutoff for sum-APs. Thus, serving as controls, the
two unadulterated specimens read 588.2 ng mL-1 (94.1
% overall cross-reactivity with －5.9 % bias) and 558.8
ng mL-1 (89.4 % overall cross-reactivity with －10.6 %
bias) from 625 ng mL-1 of the targeted MA/AP (312.5
ng mL-1 each) and MDMA/MDA (312.5 ng mL-1 each),
respectively, with the RSDs being 6.72 % and 5.96 %,
respectively, based on triplicate analyses. Although the
within-run RSDs are close to those previously reported
by other authors [25,26], the cross-reactivities obtained
for our (312.5＋312.5)-ng mL-1 “dual-drug”specimens
are unsuitable to be compared interlaboratively to those
obtained by other laboratories typically for 300-, 500-,
or 1000-ng mL-1“uni-drug” specimens, because both
theoretically and empirically the actual cross-reactions
involved in even the same kind of TDx system can be
too complicated and changeable to give a consistent
apparent cross-reactivity. In fact, besides our data, there
has been a wide divergence of reported cross-reactivities
among different laboratories even for the same TDx
Amphetamine/Methamphetamine II assay of specimens
containing the same single analytes at the same
concentrations [27-29]. Anyway, based on our results
and said only of TDx screening, if a specimen is“not
adulterated,” the possibility for reporting a false positive
can be completely eliminated while that for reporting a
false negative will be low.
As to the effects of adulterants, the TDx results
listed in Table 1 indicate the following characteristics
(within the scope of our experiments): 1) Drug pairs
MA/AP and MDMA/MDA showed similar trends of
concentration change with regard to the influences
of the seven adulterants each tested at the three w/w
percentages. 2) Of the seven adulterants, only liquid
soap produced significant positive influences (i.e., high
potential to give false positives in forensic practice),
whereas all the other six resulted in significant negative
influences with chlorine bleach causing the largest (i.e.,
moderate to high potential to give false negatives in
forensic practice). 3) For a certain drug-pair at a certain

level, the magnitude of influence caused by a certain
adulterant enlarged with increased amount of the added
adulterant, but the relationship did not appear linear
even for tap water which before the study had been first
thought to have merely a dilution effect on the test.
The discrepancy for the non-linearity of the
adulterant effect is partially attributed to experimental
errors and partially to the complex cross and/or side
reactions among the adulterant, the TDx reagents,
the drugs and their metabolites, the urinary matrix
ingredients, and some other factors (e.g., pH change of
urine, quality of TDx reagents, uncertain time interval
between spiking and analysis, salting-out effect,
emulsion formation, etc). For the same reasons, it
turns out that the direction and magnitude of the overall
influence exerted by an added adulterant is difficult to
track based on its kind (hence, chemical properties)
and amount. According to Cody’s review [13], all IA
systems are vulnerable to adulteration from the viewpoint
of the antibody protein. Any substance that will bind
with or disrupt the structure of the antibody will have a
potentially significant impact on the test results. In the
case of FPIA, the possibility also exists for the adulterant
to impact the coupled reaction for the enzyme system,
or to cause absorbance in the range used by the system
to measure the presence of the drug. Thus, FPIA, like
EMIT, is often more sensitive to adulteration than are
RIA and GC-MS [6-10,30-32]. Cody also addressed that
the impact of adulterants on FPIA also depends on the
drug to be analyzed (unfortunately, data or information
on APs is little). On the other hand, Mikkelson et al.
[8] and Warner [10] in their urinalyses of drugs other
than APs attributed the impacts of some adulterants to
the effect of pH change on the assay rather than a direct
action of the adulterant. The magnitude of the influence
is dependent on the buffering capacity of the urine
sample and the reagent mixture. Besides the impacts
of adulterants, loss of APs due to in vitro metabolism,
bacterial degradation, and adherence to the inner wall
of urine collection bottle [31] can more or less occur
during the uncertain time interval between spiking and
analysis. Thus, judging from these arguments and the
varying cross-reactivity data previously reported in the
literature for unadulterated specimens, along with our
own between-run experiences on TDx, it is anticipated
that, for a urine specimen containing APs other than 625
ng mL-1 and adulterated with one of the seven adulterants

Adulterant influences on amphetamines FPIA urinalysis 7

in an amount other than 5, 10, or 15 % (w/w), the extents
of impacts may well be significantly different from
those listed in Table 1; they may also be significantly
different from run to run, from analyst to analyst, or
from laboratory to laboratory. Nevertheless, within
the scope of our experiments, there is no reason found
for the trends of drug concentration change derived
herein toward the impacts of adulterants not to hold true
elsewhere.
Overall, the possibility for an adulteration to cause
false initial negative or false initial positive does exist,
depending upon the kind and amount of the adulterant,
the quality of the TDx reagents and operation, the
relative amounts of APs and their metabolites originally
present in the urine, and the composition of the urinary
matrix.
In addition to the 125 %-cutoff experiments, we
also performed the 175 % ones. Due to the limited space
of this report, we shall omit the tabulation of data and
simply describe the following observation: 4) For a
certain adulterant and a certain drug-pair, specimens
containing higher levels of drugs were less susceptible to
impacts of adulteration.

Case study with reference to GC-MS data
1.GC-MS assay calibration
The assay calibrations of MA/AP and MDMA/
MDA were conducted separately using a five-point
protocol. The method calibration curves of the analytes
in urine were plotted using five calibrators containing
50, 100, 250, 500, 1000 ng mL-1, respectively, each of
the analytes (i.e., 5, 10, 25, 50, 100 µL, respectively,
of the 10-µg mL-1 MA/AP or MDMA/MDA binary

working solution in 1 mL of blank urine) and 250 ng
mL-1 each of the ISs (i.e., 25 µL of the 10-µg mL-1
binary ISs working solution in 1 mL of blank urine).
As the accuracy and precision for the measurement
of drug level is highly crucial to the following legal
interpretation of results, every analyte-IS peak area ratio
used for plotting the calibration curves was the mean
of triplicate analyses (SPE plus GC-MS). The method
limits of detection and quantitation (LODs/LOQs) were
determined by a definition previously adopted [17,21,33].
Thus, presented in Table 2 are the regressed calibration
equations, linear working ranges (each stretching down
to the LOQ), coefficients of determination (r2), and
LODs/LOQs for the determination of the four APs in
urine by SPE and HFBA-ChD followed by GC-EIMS
SIM. All these data are in agreement with or close to
those previously reported [18,21]. The LOQs achieved
(50 ng mL-1) hereby sufficiently meet the current US
Federal and Taiwanese cutoff requirements for urine
specimens.
2. Comparison of TDx and GC-MS data with respect to
effects of adulterants
The foregoing observed influences of the seven
adulterants on the TDx analyses of APs in various
urinary spikes were also validated by analyzing six
reconstituted (for reasons see footnote c or Experimental
section) APs-positive case samples with and without the
corresponding simulated adulterations at 10 % (w/w).
Furthermore, in forensic drug testing practice, whether
a urine specimen is to be submitted for the confirmatory
GC-MS test depends on whether the specimen gives a
positive initial FPIA test. Therefore, it would be better to
have a correlation of data between the two methods even

Table 2 Calibration equations, linear working ranges, coefficients of determination (r2), and method limits of detection
and quantitation (LODs/LOQs) for the determination of APs in urine by SPE and HFBA-ChD followed by GCEIMS SIM

Analyte

Calibration equation

Linearity range
(ng mL-1)

Coefficient of
determination (r2)

LOD
(ng mL-1)

LOQ
(ng mL-1)

MA

y = 0.0019 x + 0.095

50-1000

0.996

40

50

AP

y = 0.0021 x – 0.043

50-1000

0.997

40

50

MDMA

y = 0.0017 x + 0.012

50-1000

0.999

40

50

MDA

y = 0.0017 x – 0.0090

50-1000

0.998

40

50
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though the TDx is semi-quantitative.
A closer view of Table 3 finds the following five
characteristics: 1) The GC-MS tests of the first three
specimens all came out with MA overwhelming AP and
those of the second three specimens also with MDMA
overwhelming MDA, suggesting that the testees had
administrated either mainly MA or mainly MDMA,
which was in agreement with Taiwan’s drugs-of-abuse
epidemicity. 2) All the 48 TDx sum-APs concentrations
were far higher than expected from the corresponding

GC-MS sum-MA/AP or sum-MDMA/MDA, keeping
in mind the previously derived ca. 90 % TDx crossreactivity toward each drug pair in urine spikes. This
was rationalized that the TDx-active ingredients in the
spikes were barely a pair of intact drugs (MA/AP or
MDMA/MDA, neglecting in-vitro drug metabolism),
whereas those in case specimens included all the APslike analytes, metabolites, and interfering species
including even possibly those from multi-drugs use (Tip:
TDx is a drug class test rather than a drug specific one;

Table 3 GC-MS data a,b obtained before and after adulteration of six case urine specimens previously screened by TDx
as MA-positive (a, nos. 1-3) or MDMA-positive (b, nos. 4-6) c

(a)
Sample Test
no.
TDx

1

GCMS

Drug(s) found
(ng mL-1)

Unadult.

Adulterant added at 10 % (w/w)
Table
salt

Liquid Chlorine Vitali soda Alum
soap
bleach water

Tap
Pot.
water Dichr.

Sum-APs

2037.8

2341.6 3218.0

746.1

1977.4

2107.2 1980.7 1225.7

MA
(Ratio to unadult.)

788.3
(1.00)

772.9
(0.98)

622.7
(0.79)

441.5
(0.56)

685.8
(0.87)

771.4 701.5 646.4
(0.98) (0.89) (0.82)

AP
(Ratio to unadult)

210.6
(1.00)

197.9
(0.94)

160.1
(0.76)

112.2
(0.53)

174.8
(0.83)

204.3 181.1 176.9
(0.97) (0.86) (0.84)

MA + AP
(Ratio to unadult.)

998.9
(1.00)

970.8
(0.97)

782.8
(0.78)

553.7
(0.55)

860.6
(0.86)

975.7 882.6 823.3
(0.98) (0.88) (0.82)

---------------------------------------------------------------------------------------------------------------------------------TDx

2

GCMS

Sum-APs

1776.9

1972.3 2681.1

569.1

1899.5

1987.1 1690.3 1173.7

MA
(Ratio to unadult.)

657.8
(1.00)

649.3
(0.99)

532.8
(0.81)

329.5
(0.50)

586.7
(0.89)

645.7 584.2 552.5
(0.98) (0.89) (0.84)

AP
(Ratio to unadult)

217.5
(1.00)

209.7
(0.96)

172.9
(0.79)

131.9
(0.54)

187.4
(0.86)

208.1 185.2 185.7
(0.96) (0.85) (0.85)

MA + AP
(Ratio to unadult.)

875.3
(1.00)

859.0
(0.98)

705.7
(0.81)

461.4
(0.53)

774.1
(0.88)

853.8 769.4 738.2
(0.98) (0.88) (0.84)

---------------------------------------------------------------------------------------------------------------------------------TDx

3

GCMS

Sum-APs

1749.4

1887.5 2605.5

581.8

1759.3

1926.4 1623.7 1083.2

MA
(Ratio to unadult.)

561.3
(1.00)

551.2
(0.98)

433.5
(0.77)

307.5
(0.55)

489.4
(0.87)

544.9 501.1 464.3
(0.97) (0.89) (0.83)

AP
(Ratio to unadult)

289.6
(1.00)

278.3
(0.96)

226.8
(0.78)

163.7
(0.57)

247.5
(0.85)

284.1 255.0 247.0
(0.98) (0.88) (0.85)

MA + AP
(Ratio to unadult.)

850.9
(1.00)

829.5
(0.97)

660.3
(0.78)

471.2
(0.55)

736.9
(0.87)

829.0 756.1 711.3
(0.97) (0.89) (0.84)
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(b)
Sample Test
no.

4

TDx

GCMS

Drug(s) found
(ng mL-1)

Unadult.

Adulterant added at 10 % (w/w)
Table
salt

Liquid Chlorine Vitali
soap
bleach
soda
water

Alum

Tap
water

Pot.
Dichr.

Sum-APs

2024.5

2345.8 2754.1

851.6

2142.8 2083.4 1945.2 1355.7

MDMA
(Ratio to unadult.)

969.7
(1.00)

958.3 734.8
(0.99) (0.76)

573.6
(0.59)

851.9 951.2 870.5 831.1
(0.88) (0.98) (0.90) (0.86)

MDA
(Ratio to unadult)

99.4
(1.00)

96.9
74.6
(0.97) (0.75)

50.7
(0.51)

84.5
94.5
87.5
84.6
(0.85) (0.95) (0.88) (0.85)

MDMA + MDA
(Ratio to unadult.)

1069.1
(1.00)

1055.2 809.4
(0.99) (0.76)

624.3
(0.58)

936.4 1045.7 958.0 915.7
(0.88) (0.98) (0.90) (0.86)

---------------------------------------------------------------------------------------------------------------------------------5

TDx

GCMS

Sum-APs

1204.6

1311.4 1710.1

498.8

1194.5 1298.7 1120.3 856.4

MDMA
(Ratio to unadult.)

655.4
(1.00)

649.1 517.7
(0.99) (0.79)

347.3
(0.53)

576.5 635.7 589.8 553.3
(0.88) (0.97) (0.90) (0.84)

MDA
(Ratio to unadult)

84.3
(1.00)

82.6
68.3
(0.98) (0.81)

46.3 d
(0.55)

74.8
80.8
75.1
70.6
(0.89) (0.96) (0.89) (0.83)

MDMA + MDA
(Ratio to unadult.)

739.7
(1.00)

731.7 586.0
(0.99) (0.79)

393.6
(0.53)

651.3 716.5 664.9 623.9
(0.88) (0.97) (0.90) (0.84)

---------------------------------------------------------------------------------------------------------------------------------6

TDx

GCMS

Sum-APs

898.1

997.9 1283.2

404.5

926.0

986.3

844.8

585.0

MDMA
(Ratio to unadult.)

602.6
(1.00)

591.8 494.0
(0.98) (0.82)

325.6
(0.54)

528.9 588.9 531.8 497.3
(0.88) (0.98) (0.88) (0.83)

MDA
(Ratio to unadult)

68.0
(1.00)

65.4
51.8
(0.96) (0.76)

33.4 d
(0.49)

59.8
64.7
58.0
55.4
(0.87) (0.95) (0.85) (0.81)

MDMA + MDA
(Ratio to unadult.)

670.6
(1.00)

657.2 545.8
(0.98) (0.81)

359.0
(0.54)

588.7 653.6 589.8 552.7
(0.88) (0.97) (0.88) (0.82)

a All TDx and GC-MS concentrations listed in this table are means of duplicate analyses, with the respective RSDs ranging 5.1-11.3 % and
5.6-10.7, respectively.
b Italicized, underlined figures are below Taiwanese MA or MDMA cutoff (i.e., TDx: sum-APs≥500 ng mL-1; GC-MS: MA or MDMA≥
500 ng mL-1 plus AP≥200 ng mL-1 for reporting MA-positive; alternative GC-MS cutoff for MDMA-positive: sum-MDMA/MDA≥500 ng
mL-1).
c Being mostly too rich in APs while not having enough volume to run all the planned tests, the originally received specimens were properly
reconstituted (i.e., some were combined and some diluted with normal urine as described in the text) prior to formal analyses.
d Obtained by extrapolation.
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hence, the denotation of “sum-APs” rather than “sumMA/AP” or “sum-MDMA/MDA” for case specimens),
and meanwhile the highly specific GC-MS was aimed
to quantitate the separately targeted, unmetabolized
APs only. Also, as mentioned above, TDx is essentially
semi-quantitative rather than quantitative. The gaps
between TDx and GC-MS might be partially attributed
to the much more complicated, variable TDx cross/
side reactions among the multi-ingredients in case
specimens; some extra ingredients in case specimens in
the presence of an oxidizing adulterant might even show
responses in directions just opposite to the influences
received by the targeted analytes. 3) For the same
reasons as with characteristic 2, whether unadulterated
or adulterated, all the 48 TDx sum-APs concentrations
were far higher than the corresponding GC-MS MA or
MDMA concentrations. This means that Taiwan’s 500ng mL-1 cutoff (far lower than the US 1000-ng mL-1
cutoff) for the initial sum-APs test should have reduced
considerably but not avoided completely the occurrences
of adulteration-induced false negatives. 4) [Both USA
and Taiwan adopt the 500-ng mL-1 general confirmatory
cutoff for an individual APs-drug. For reporting MApositive, the specimen must also be confirmed to contain
over 200 ng mL-1 of AP, the major metabolite of MA.
Taiwan’s provisions for reporting MDMA-positive add
an alternative confirmation cutoff, i.e., sum-MDMA/
MDA≧500 ng mL-1.] Thus, according to the Taiwanese
MA cutoffs, the first three case specimens in Table 3,
which before adulteration had been confirmed as MApositive, contained either marginal MA or marginal
AP based on GC-MS. After the simulated 10 % (w/
w) adulteration with table salt, liquid soap, chlorine
bleach, and Vitali soda water, respectively, all the three
specimens still remained positive in the TDx initial test,
but specimen 1 turned false confirmatory negative; so did
specimen 2, with liquid soap, chlorine bleach, Vitali soda
water, tap water, and potassium dichromate, respectively;
and so did specimen 3, with liquid soap, chlorine
bleach, Vitali soda water, and potassium dichromate,
respectively. 5) According to the Taiwanese MDMA
cutoffs, specimens 4 through 6 were all confirmed by
GC-MS as MDMA-positive before adulteration, yet
all contained MDA below 100 ng mL-1 and specimens
5 and 6 both contained MDMA just over 600 ng mL-1.
After the simulated 10 % (w/w) adulteration, specimen
4 stayed MDMA-positive in all the TDx tests, whereas

specimens 5 and 6 became false TDx negative when the
adulterant was chlorine bleach; which in practice would
escape the GC-MS confirmatory test (in fact, they were
both GC-MS MDMA-negative). Further, specimen
4 remained MDMA-positive in all the GC-MS tests.
Specimen 5 remained MDMA-positive in all the GCMS tests except adulterated with chlorine bleach. In
addition to the false TDx and GC-MS MDMA-negative
caused by chlorine bleach, specimen 6 turned from true
TDx and GC-MS MDMA-positive to false GC-MS
MDMA-negative when adulterated with liquid soap and
potassium dichromate, respectively.

Conclusions
The results presented in this report have
demonstrated that all the seven tested adulterants when
added at 5-15 % (w/w) will render significant impacts
on the forensic TDx initial test for amphetamines in
both spiked and case urine specimens. Drug pairs MA/
AP and MDMA/MDA under the planned experimental
conditions showed similar trends of concentration change
toward the impacts of a certain adulterant. For a certain
adulterant and a certain drug-pair, specimens containing
higher levels of drugs were less susceptible to impacts
of the adulterant. For a certain drug-pair at a certain
level, the magnitude of influence caused by a certain
adulterant enlarged with increased amount of the added
adulterant. Whereas liquid soap produced substantial
positive influence, all the other six tested adulterants
resulted in appreciable negative influences with chlorine
bleach causing the largest. Keeping in mind the ca. 90
% TDx cross-reactivity toward each drug pair in the
unadulterated spikes, all the TDx sum-APs obtained for
case specimens were far higher than their corresponding
GC-MS sum-MA/AP or sum-MDMA/MDA, because
the TDx-active ingredients in the spikes were just a pair
of intact drugs (neglecting in-vitro drug metabolism)
whereas those in case specimens included all the APslike analytes, metabolites, and interfering species
including possibly even those from multi-drugs use, and
meanwhile the highly specific GC-MS was aimed to
quantitate the separately targeted, unmetabolized APs
only.
In conclusion, although there is actually no
opportunity to have a false conclusive positive result
if good GC-MS confirmatory procedures are followed,
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it is most noteworthy that, under the influences of
strongly degrading or simply diluting adulterants, false
conclusive negatives do have the chance to occur,
especially for near-cutoff specimens as evidenced by the
above case study. This has constituted a main reason
why the US Department of Health and Human Services
(DHHS or simply HHS) requires each Federal drug
testing agency to have SVTs conducted on every urine
specimen collected under the Mandatory Guidelines and
to establish the criteria that must be used by a laboratory
to report an altered specimen as adulterated, substituted,
dilute, or invalid [11]. Responsible institutions and
relevant laboratories should face the facts seriously
and include the SVT battery in the routine drug testing
procedures [34].
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