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1. Introduction

Substance abuse analytics has become a commonly used tool in druthabases, for in-
toxication testing in the clinical field, for preliminary forem&xaminations (road accidents,
criminal offences) and in various companies, where newly recruitdf] but also long-
serving employees whose work involves an above-average degree of riskeate test

Various factors must be taken into account in the interpretatiomeatest results, including
the objective of the test, e.g. medical diagnosis (substitutioappewithdrawal therapy, dif-
ferential diagnostics in emergency situations), legal aspects and saaal[i5s2]. Therefore,
it does not come as a surprise that addicts who are in emplopmarg about to get a job,
individuals in prison and persons, who have been banned from driving after teeéng
found under the influence of a substance are determined to ensuigethpass their drugs
test. For this purpose there are a number of products available, which claiminatel traces
of drugs from the urine, or otherwise modify the urine so that oestaédstances are not de-
tected. In many cases, such attempted manipulation is unsuccesshésa products work
only for certain analytical methods, while being ineffective withers. Many of the products
have even no effect whatsoever on the test result, and their marketing is saugly f

On the other hand, the results of urine tests might be affectecemaay and without any
fraudulent intent. Table 1 shows a number of products that, when consumletaffagt the
results of urine tests.

Table 1: Types and methods of manipulation

Interferencesin Drug of Abuse |mmunoassays

Unintentional

- Interferences after Intake of therapeutic drugs
(Neuroleptics, Antidepressants, Multivitaminpreparas)[3]

- Alimental Influences
(Poppy seeds, Liquid intake shortly before voitlnhe)

Intentional Urine Manipulation

- Urine Exchange (foreign Urine, artificial Urine ejd4]
- Deception: "Poppy seeds", Vitaminés41,43]

- Excessive Liquid intake, Stimulation of Diurdéid 1]

- External Dilution of the Urine

- Chemical Manipulation (see manipulation methods)
- Adding drugs to the tube “falsely accusing”

" Scientific contribution of the Committee "Clinicabxicology/Drugs of Abuse" of The Internationalsisia-

tion for Therapeutic Drug Monitoring and Clinicabdicology (IATDM-CT), edited by the committee chai
Hans H. Maurer
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2. One hour surfing the internet

By surfing the internet for only an hour, one comes across a nwhbkges giving detailed
information on how to manipulate urine after the consumption of itlicigs or alcohol, so
that these substances are not detected with standard tests (based on immg)noassay

Such an internet search is even enlightening for persons whpeaialzing in urine testing
for drugs.

The following examples show what inexperienced analystskaky io overlook, unless they
keep up to date with the latest manipulation methods.

A web site called "URINE LUCK" [7] promotes products and contaif@rmation, instruc-
tions and detailed descriptions on how urine test and manipulative prodarétsGn linked
pages, visitors find articles covering all principal issues todmesidered in order to success-
fully achieve a negative test result.

For analysts, it is sobering to learn from such information tlaatipalation is possible, and
that the producers of products for this purpose are very well infbabeut any aspect of the
applied testing methods. The pages reveal details about which testesircommonly used,
how drug tests are carried out, and how labs attempt to detect manipulation. Theg\adso pr
tips on how to cover up attempts of tampering with the urine.

It becomes obvious from viewing this information that the people beharé itrained in the
field, and must at some stage have passed their masters oatibetams. Specialists work-
ing in the field of drug testing and analytics and who try toycaut these tests properly and
diligently (including examination re. potential tampering) might¢relag a few steps behind
their adversaries. In the US, where testing for drugs is nwmremon than everywhere else,
some specialists fear that the field has become a stage dbowdown between chemists,
namely those developing new manipulation products and methods, and thosenmpmnevi
test systems.

Chemists are caught up in a race: As soon as a new urine mgdifyiduct has been devel-
oped, labs are coming up with a respective detection kit, whichnndads to the develop-
ment of yet the next manipulation product.

The methods and products for the manipulation of urine tests are thecipobddhighly crea-
tive thinking, and both sides (i.e. manipulator and analyst) might bdmefitiving a close
look at what is going on from a medical-chemical point of view. ¥stalmight also consider
socio-economic aspects of the issue (e.g. are tests and arsdilysseful, even if the costs of
secondary analyses are extremely high). The interests othmtbhroducers of manipulation
products and the manufacturers of analysis products for druggtes® primarily commer-
cial. This is most obvious from the fact that commercially abotatories carry out tens of
thousands of drug test analyses every year, specializingcih drugs. The issue of drug
abuse and testing is thus not only driven by social concerns. The fgrastuoffer on the
internet, can be classified as shown in Table 2.

Not all of the information about manipulation methods found on the intesrestriect. It is
for example not possible to modify all drugs of abuse with pyrudinchromates in order to
get a negative result by the immunoassays or the confirmatadysas. Some of the products
offered on web pages claim to detoxify the body [6,8,17], but are ikehg to cause other
medical problems (dehydration, vitamin overdose, damage from iattiiot approved
drinks, etc.). Most manipulation substances are designed for additiorne samples, as
urine remains the most tested sample. On the other handessipossible to interfere with
other samples materials, such as blood, saliva or hair.
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Table 2: Methods and substances of Manipulatiarisrfierences in Immunoassays [6,9-32,41,60]

Householdproducts are most used as specific adulegion for one special method, (old fashioned manipu
lation), [Literature 6,9 — 18]]

Method or substance Frequency of use Can be testby

- Urine exchange frequently used today Should be checked during void
(related to chain of custody)

— External urine dilution ? Should be checked during void
(related to chain of custody)

— Sodium chloride Sodium or chloride analyses

- Bleaching agent seldom pH, smell, color, ACR

- Drain cleaner seldom pH

- Detergents seldom foaming, ACR, pH

- Vinegar, acid seldom pH, ACR

- Baking soda seldom pH, ACR

- Ammonia seldom pH, ACR

- Visine, Coloring agents. liquid sol. seldom Chromatography

Oral intake, not checkable during void of uring Literature [8,11,14,15,41]

Method or substance Frequency of use Can be testbyg

— Golden Seal (Herbal tea) ? Creatinine, spec. gravity, ACR

- Quick Caps (Herbal powder as capsules) ? Creatinine, spec. gravity, ACR

— Test Clean ? Creatinine, spec. gravity, ACR

—  Zydot Ultimate Blend (liquid) ? Creatinine, spec. gravity, ACR

- Vitamines (Ascorbate, BBg, ) Multivitami-  frequent color, ascorbic acid with pH,
nepreparates) chromatography, ACR

— Dilution of urine by excessive fluid intake most frequent Creatinine, spec. gravity

Substitution and chemical adulteration of urine, ingeneral checkable during void (C-O-C)
Literature [6,14,15,18-32]

Method or substance Frequency of use Can be testbyg

- Substitution of urine by solubilize a ly- seldom checking during void
ophilisated commercial urine and filling in a
sample container e.g. void through artificial

genitals)
- Chromate, Pyridiniumchromates ? (US more often) Colortest or AA for chromate,
ACR
— Peroxide und Peroxidases presumed: often pH, ACR
- Glutaric aldehyde seldom ACR
- Nitrite ? ACR

ACR = Adulteration screening reagents (Stix or alegmistry). AA = Atomic Absorption, C-O-C = Chao
custody

3. Urine manipulation - a serious problem [33]?

In order to assess the frequency of urine sample manipulations, ieive a look at the cur-
rent fields of application of drug tests:

In the US and the UK, most drug test samples are gatheredkplae testing campaigns. In
continental Europe, this type of testing is currently sfiliminor importance, with varying
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figures for the different countries. Only a few companies anmegusj and, in general, only
employees in high-risk workplaces are tested. Some European compaweestroduced
tests for new apprentices. Tests for illicit drugs and alcateoalso a standard method in ad-
diction treatment and substitution programs. They are further udedeimsics in relation to
criminal offences and road accidents [35]. Drugs of abuse tdstipgsons, on parties, in
volunteers before paricipating in payed pharmacokinetic studies aspmkamal cases at psy-
chiatric patients and in cases of Munchhausen (by proxy).

In case of analyses carried [34] out in connection with crinoffahces or road safety, it is
nearly impossible to adulterate the urine sample. For drug addititsgading in withdrawal
therapy, the high price of the manipulation products on offer is obrt@n obstacle. But even
here, cases of manipulated urine were identified (resultmm fruriosity or "of impers to
surprise”). In the US, the frequency of such samples is apprelynfato 5 per cent of all
urine samples tested for drugs [56].

The only figures available for Europe originate in Germanyarddased on estimates [36].
Here, the frequency varies between 2 per cent of samplesftake persons in drug substitu-
tion programs, to 50 per cent of all samples taken in relatipngdsible driving bans. For the
US, see Quest drug testing index (60).

More reliable figures for European countries will only be avadlabhen testing for manipu-
lation becomes a standard procedure in the sample analysisl litowiver not be easy to
establish such an approach, as there are many differentoivayanipulating a sample, as
described above. Comprehensive testing is also very costly, and segaale sample to be
analyzed for drugs and adulterants (by immunoassays and chromatography).

4. Frequently used methods of analysis for the detection of illicit dgs [37]

As readers will be aware, most analytical screening metimotiss field are based on the
principle of antigen-antibody reactions known as immunoassays (immunachesaieen-
ing).

Adulterants which affect the proteins in general or the bindingdstvantibody and antigens
are adulterants to all immunoassays (strong acids, base¢he).adulterants like glutaral-
dehyde are used only to spoil one specific immunoassay (EMIihiré\category of adulter-
ants belong to the class of acting on specific measuringmsgsnfluencing directly the tracer
or the tracer determination (masking, destroying etc.). Tirsetadulteration methods are
adulterants for all substance analyses of one specific methibe anmunoassay systems in
general. Most of the old fashioned adulterating agents (Householdcpspdbelong to this
category (changing pH, changing protein structure etc.).

The immunochemical methods available in the form of quick tests ssips, tabs, etc. or
automated assays for analyzers are prone to interferencep dhe underlying method.
Chromatographic methods, which, from an analytical point of view, arerthemethods
capable of detecting specific substances with (generally) d@ghitivity, are only used by a
few, highly specialized laboratories. Accordingly, they ass léely to be tampered with. As
chromatographic methods are very expensive, most labs spegatizscreening use immu-
nochemical procedures. For forensic purposes and other samples tagkion to a legal
procedure, only the results of chromatographic analyses are acftbpeaiso applies to the
confirmation analysis).

From an analytical point of view the question rises, is the rpssitive or negative? Based
only on the results of the analysis, is it possible to come toah donclusion regarding the
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existence of a substance in the sample (specificity, crosgvigain relation to immuno-
chemical on-site tests and standard wet chemical quantitative methogsebateon)?

The range of parameters is determined by the methods usedkplaeer testing in the US.
These methods include applications used in clinical-chemical and ifotaheratories, such
as wet chemical, quantitative and automated procedures, as west atrips and quick tests
in general. Tests can be classified into "broadband" tessibstance groups such as opiates
or benzodiazepine on the one hand, and substance-specific tests forailbé&ylkc acid,
methadone, LSD, etc. on the other [1,2]

Often, the tests on offer are based on the mandatory SAMHSA (N3 programs, which
primarily target amphetamines (methamphetamine), THC carlooayglid (cannabinoids),
benzoylecgonine (cocaine), opiates and phencyclidine (PCP). Thertbatbiturates, benzo-
diazepines, LSD, methadone and tricyclic antidepressants areyndasigned for special
cases such as compliance and intoxication testing.

One disadvantage of quick tests is their fixed cutoff value, leavirigaveay for interpreta-
tion of the results. Also, there are no quantitative test resudtidable for progress tests (i.e.
assessment of renewed consumption, e.g. of cannabis [44,45]). For thid eqaenination,
immunochemical methods that can be run automatically on analmersith some excep-
tions more suitable. Progress tests always include the anaflysisatinine, leading to higher
expenses.

5. Manipulation methods [6, 9-32] (Figure 1)

It is the primary objective of any manipulation to generate reesilts consistent with drug
abstinence. There were few cases where the manipulation nvad at producing a positive
test result. This occurred in the context of forensic examinafaingnished responsibility)
or compliance screening in therapies (Methadone). The most commaaxtangively docu-
mented method of manipulation the dilution of the urine [6,11,39,40] is only studcess
connection with THC carboxylic acid testing, producing an incorrecatiegresult. Other
parameters are only affected, if the concentration of the quariedasce is near the cutoff
point, which generally means that the drug was consumed some time ago [8,16,17,41].

More sophisticated methods of dilution include the consumption of diucstiobined with
vitamins and creatine (to simulate a normal creatinine contientranly successful if enzy-
matic creatinine determination is used), in the form of infusiohs. éffect is however often
overstated. Vitamins can however mask certain tests, due toctileur, leading to non
measurable analysis or inadvertent incorrect positive results [8,41].

,2UrinAid“ (Glutaraldehyde) [30]

Glutaraldehyde is an agent that was originally used to adeltdratSyva EMIT Il test (con-
centration dependent). The effect on other tests is shown in flguie Europe not often
used). Glutaraldehyde can be detected with Dip Stick or wet chemistry methods.

Oxidizing agents

The intention of using oxidizing adulterants mostly is to pass the confirmatteriade3HC-
carboxylic acid (beating the drug and or the internal standard). Opiates grse:hderm the
cocain metabolite benzoylecgonine are the subjects of these adultertionssier &ient.
Most of these adulterants (Class of oxidants) are commercially avahabigh the internet.

One of the recently detected adulterant is iodine which act$asitaichromate and peroxi-
dase as oxidant [42].
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Effects
CEDIA EMIT KIMS FPIA
Acids — 1l ) 1
Bases 1 1l I -
Bleaching agent 1l 1l i1 L1
Soap NA 1l U T
Dilution 1 1l I 1l
Salts — 1l ) 1
Glutaraldehyde Ll 1l i1 it
Nitrite* Cannabinoids | Cannabinoids | Cannabinoids | Cannabinoids |
Chromate
Cannabinoids | Cannabinoids | Cannabinoids | Cannabinoids |
Opiate | Opiate | Opiate | Opiate |
Perox!des/ Cannabinoids | Cannabinoids | Cannabinoids | Cannabinoids |
Peroxidases Opi . . .
piate | Opiate | Opiate | Opiate |

Figure 1: Immunoassays: effect of different maratioh substances/methods. = Differ from one substance
assay to another. * In confirmation analyses mitoften influences the internal standard used fof\GS analy-
ses.

“Urine Clear”

Literature [23,24,25,26,27] describes the results of manipulation withenitrgolution in an

attempt to prevent the detection of THC-carboxylic acid. In one pBEHé&r acid"cannabis-

positive" urine samples were tested in replicates for sedens on THC-carboxylic acid
(after the addition of 2500 mg/I nitrite, with or without acidificati Under acidic conditions,
THC-carboxylic acid cannot be detected by several immunoasdteysa short period of
time. and never by chromatographic methods [25]. After alkalizatiadhe urine sample, the
chromatographic methods will detect THC-COOH (affected isinitexnal standard). Other
drugs are not affected by Nitrite.

~Stealth” (Peroxide/Peroxidase)

Agents containing peroxides in connection with peroxidases areghilt which have to be
added to urine after void (e.g. this is also the case for gld&ryde, oxidizing agents, etc.)
Therefore these products are not easy to use, if the period ofsvaidiched. This agents
change the structure of THC-COOH, LSD and morphine [8,20,21,22,51]. Theseatleugs
masked and can not be detected nor by immunoassays neither batcy@phy (dependent
on the the peroxide and peroxidase concentration). This type of mamipuath be detected
by several Dip Sticks and wet chemistry tests (detecsialependent on the time lag between
addition of agent and testing for the adulteration).

“Urin Luck” (Chromate, pyridinium chromate)

This agent is based on pyridinium chromate and the action is compaitbkbat of perox-
ides/peroxidases. Chromate is an oxidant and acts as a adultesaveca ways. As an ex-
ample the response rates of all EMIT drug assays areagecr¢29]. This is an action on the
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whole assay system (pyridinium or chromate or both?). Mos$teoT HC-carboxylic acid and
opiate assays are affected, dependent on the chromate concenfitagioasults will appear
as negative. The detection of this adulterants is possible bytizks, wet chemistry tests,
chromium determination by Atomic Absorption and pyridinium by chtography. This
manipulation is however easily exposed by means of specially designedsst st

6. Definition of manipulation

In Table 3, the definitions of SAMHSA (NIDA) have been summarifétese definitions
are also recommended by the Swiss working group on drugs of abuse) [1,2,38].

Table 3: SAMHSA (NIDA) definitions Definitions in Europe mmol/l, by the US-Government SAMHSA in
(mg/dl)

e Diluted
— Creatinine <2 mmol/l (10 mg/dl) but >0,45 mmol/|@5mng/dl)

— Specific gravity<1.003 kg/l, but 1.001 kg/l Changes in SAMHSA US Federal Register,
13 April 2004, 69 (71): 19644-19673.

e Substituted
— No regular components of human urine contained
— Creatinine concentratiag0.16 mmol/l (2 mg/dl) and specific gravigl.001
— Density<1.001 kg/l or= 1.020 kg/I

* Adulterated
- pH-values 3 or=11
— Nitrite concentration over 500g/ml
— Evidence of exogenous and endogenous substancé thet range

SAMHSA = U.S. Substance Abuse and Mental HealtviSes Administration (formerly NIDA), NIDA = Na-
tional Institute for Drug Affairs.

The previously discussed attempts of manipulation are mainly ¢drgetimmunochemical
methods. Most common is probably excessive liquid consumption to tryute thle urine. In

this respect, it must be taken into account that urine samplesitaiten evening may show
creatinine concentrations close to the limit value of 1.8 mmol/l (@@ly In drug screening,
urine with creatinine concentrations below this value are considered.

7. Accidental interference (Definition) [3,46,58]

Less well known is the issue of cross-reactivity with pibsdr medicaments in immuno-
chemical tests. Such interference often only comes to lighdanfirmation analyses. The re-
sults for opiates analyses from different manufacturers are ktoota affected by neurolep-
tics dependent on the substance and their concentrations. The effpetifit drugs (gener-
ally non-steroid analgesics) on various test methods (i.e. varioungtara and/or different
test products) has to be considered because of the widespread use of these drugs.

Pathological biochemical pathways related to metabolic diseese produce substances
which are eliminated in urine and lead to false negative drug itesirine [59]. Incorrect
positive results (to a lesser extent: incorrect negativetsgsafl unspecific tests often lead to
considerable extra costs for retesting. We estimate that apyateky 1 to 4 per cent of the
routine screening analyses with immunoassays lead to such ingmws#o/e results [inhouse
studies, 3]. (Wet chemical tests or spot tests).
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8. Detection of manipulations [4,43,47-55]

As described above, common manipulations (like dilution) can only bélyeti@tected by
carrying out additional analyses for creatinine in urine, spegrawity and pH, and assess-
ment of the urine colour.

If specific substances, as available on the internet, are ubeth destroy the actual drug in
the urine, mask the test or directly influence a specificegaly known test method, it can be
very difficult to prove that manipulation took place.

Even the test strips designed to detect manipulations are not belydadtl If manipulation
IS suspected, supervision during void is important, as it generallysnia&eaddition of any
interfering substance impossible.

In the case of a positive test result for opiates, where therpergjuestion claims that this is
due to the consumption of poppy seed cake or poppy seed bread [5,43]rytdefiault to
prove otherwise, as morphine is actually released when these feoctsnaumed. The opiate
content of poppy seed varies greatly (depending on the actual haflesthighest measured
concentration in our experience is 4500 ng/ml (cutoff according tesSwWborking Group for
Drugs of Abuse Testing Guidelines AGSA: 300 ng/ml). Accordinthéoliterature, thebaine
is the only potential poppy seed marker (accurate when positive, but not otherwise)

The identification of a urine, supposed to be substituted, is possilid&NByanalyses com-
parison in blood versus the urine test. Confirmation of specific humasinsdy immunoas-
say analyses helps to confirm the existence of a human urimer. @bposals to prevent sub-
stitution “are based on use of marker substances like polythytenglyThese substances
have to be given under control about half an hour before void of urine. ThHarsdssare
analyzed in urine by chromatography (HPLC) [57].

Alle these tests are expensive and some are also time consuming.

The costs for the detection of urine that has been manipuldtecmy of the commercially
available additives, after automated wet chemical analysis ok ¢gst lead to considerably
increased prices for analysis, depending on the assessed pesgaddéional approx. 50 to
100 per cent of the total analysis costs). In certain counttieB,as Switzerland, some of the
additional analyses cannot be charged to the client.

Prior to introducing a program for the manipulation testing, the ¢xgdeequency of at-
tempted manipulations and the related consequences must be exande¢aili Depending
on the nature of the testing body (forensic laboratory, substitutioapgheenter, employer,
training facility), the share of manipulated samples is often below one per cent.

Conclusion

In conclusion immunoassays can be easily automated and adaptpdgment but are very
delicate to interferences and adulterants can produce a lotrafveottk and expenses. Adul-
terants are used in most cases to produce false negative rsgressts. They can be used as
specific adulterants for a substance (THC-carboxylic acidstanethod or the immunoassays
in general. Unexpected positive results are often produced throughilpedsdrugs, vita-
mines etc. This effects produce costs because of additional confirmation #estitige search
for interfering substances.

In the future methods for testing drugs of abuse should be developedanmdiciore resistant
to interferences and adulterants. Perhaps toxicologists shoulct edfteut the existing cutoff
systems which often lead to critical situations.
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Last but not least, manipulation is a problem, but one should not oveltestiragrequency
of these cases.
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