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Abstract

derivatives.

A previous study in Lubbock, TX detected the cocaine metabolite benzoylecgonine in wastewater entering the
municipal wastewater treatment plant. This work was conducted using chemical derivatization followed by gas
chromatography-mass spectrometry (GC-MS) determination. This is a report using liquid chromatography-mass
spectrometry (LC-MS) for determination of drug metabolites isolated from wastewater in Lubbock, TX by solid phase
extraction (SPE). Using the LC-MS method, chemical derivatization is eliminated and multiple analytes can be
determined in a single run. The results obtained showed that several compounds from different drug classes were
detected. Compounds observed included cocaine, heroin, tetrahydrocannabinol, amphetamine, and benzodiazepine

Keywords: Sewage epidemiology; Liquid chromatography-mass
spectrometry; Drugs; Pharmaceuticals; Metabolites; Wastewater.

Introduction

The abuse of drugs, both legal and illegal, is a worldwide problem
[1]. Several different approaches to characterizing drug use have been
proposed. These include population surveys, checks and updates
of criminal records, and consumer interviews. One method that has
been reported to help track drugs and their metabolic products is the
analysis of wastewater [2].

Zuccato et al. has termed this approach ‘sewage epidemiology.’
Using this method, it is possible to gain information about the range of
substances that might be a problem in a community. It is also possible
to develop some temporal information about when drugs are taken by
sampling wastewater at particular intervals. Sewage epidemiology has
been used in several countries [3-5].

A previous study was undertaken to examine the sewage
epidemiology approach in Lubbock, TX [6]. The cocaine metabolite,
benzoylecgonine was determined by gas chromatography - mass
spectrometry (GC-MS). However, in this study only a single compound
was monitored because it had to be isolated from the wastewater,
purified, and chemically derivatized in order to be amenable to GC-
MS determination. Thus, GC-MS limits the number and type of
compounds that can be included in a study.

The purpose of this study was to demonstrate the use of an ion
trap based liquid chromatography-mass spectrometer (LC-MS)
for the determination of drugs and drug metabolites in wastewater
from Lubbock (TX). Unlike GC-MS, LC-MS does not require
chemical derivatization of drug compounds. The use of LC-MS for
the determination of pharmaceuticals products in wastewater has
been previously reported [7]. In that case, several different classes of
compound were determined including cocaine, opiates, cannabinoids
and amphetamine compounds. Another advantage of LC-MS is that
both parent compounds and metabolites can be determined in the
wastewater samples.

This study employed an ion trap LC-MS. This is one of the least
expensive configurations to use for this investigation. While other
types of mass spectrometer may have greater sensitivity, the cost of
these systems is prohibitive for most law enforcement groups. Further,
the information derived from this study was used in forensic study,

not the treatment and removal of the compounds where water may be
further purified for reuse as drinking water. This allowed the work to be
done on the least expensive platform and still have adequate sensitivity
to detect compounds of interest.

In Lubbock (TX) the LC-MS was method was used to determine
several classes of drugs and metabolites found in wastewater with
a single isolation and purification scheme that does not require
chemical derivatization [8]. By working with the local forensic
science community, it was possible to select several different classes
of compounds that were of interest [9]. This study is an investigation
of representative compounds to determine which if any were present
in the Lubbock (TX) wastewater. From this work we are expanding
the concept to use in other law enforcement situations such as prisons
where monitoring of wastewater would provide rapid information
about the use of illegal drugs in this situation.

The use of LC-MS to monitor drugs of abuse in wastewater provides
a clear way to have forensic evidence obtained. The method requires
only minimal sample clean-up and rapid determination of compounds
of interest.

Materials and Methods

All drug standards and reference compounds (Table 1) were
purchased from Cerilliant (Austin, TX). Standards were stored at
-20°C. Methanol (LC-MS grade) was purchased from Honeywell
Burdick & Jackson (Morristown, NJ) and acetic acid was purchased
from Fisher Scientific (Fair Lawn, NJ). 18 M(Q water was purified using
a Barnstead system. A Kinetex® 5 uC-18 100 A column (150 mm x
4.6 mm) was used for separation of analytes. Strata X* 33 p polymeric
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Analayte Structures Metabolites and deuterated standards Mol. Wt. (g/mol) CAS number
CHy
NH,
Amphetamines 135 300-62-9
S
.
CH, THC 314 1972-08-3
X[ O THC-OH (11-Hydroxy-A9-THC) 331 34675-49-5
THC Y
HiC - THC-OH-d3 (11-Hydroxy-A9-THC-d3) 333 362044-74-4
3
H,C By
R, Benzodiazepine 144 12794-10-4
N Ry diazepam 285 439-14-5
Lorazepam 321 846-49-1
Benzodiazepine N
Flurazepam 388 17617-23-1
=~ RZ R
7
S / Alprazolam 309 28981-97-7
CH,
A (:',H3 Methamphetamine 149 4846-07-5
NH
Methamphetamine
S
MDMA 193 42542-10-09
i
N
diacetylmorphine (Heroin) 369 561-27-3
B
diacetylmorphine (Heroin) 0
A
Morphine D3 288 67293-88-3
Cocaine 303 50-36-2
Cocaine
Benzoylecognine 289 519-09-5

Table 1: Drug standards and reference compounds, Note. Mol. Wt.=Molecular weight; CAS number=Chemical Abstracts Service registry number.

reversed phase (200 mg/6 mL) solid phase extraction (SPE) cartridges
were used to separate the analytes from the sample matrix. The column
and SPE cartridges were obtained from Phenomenex (Torrance, CA).

Samples were obtained from the Lubbock Wastewater Treatment
Plant (LWWTP). This is the only site in the city of Lubbock for
wastewater treatment. Both weekday and weekend samples were
collected and all samples were obtained in the morning using amber

glass collection bottles. The collected samples were adjusted to pH 2
using 37% Hydrochloric acid, and were stored in dark at 4°C until they
were processed. It was found in a previous study that pH adjustment
was necessary to prevent degradation of the analytes during storage;
pH adjusted samples were found to be stable for one month [6].

The wastewater samples were held stable in order to allow
particulate matter to settle to the bottom of the container. The water
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was then decanted and 500 mL samples were filtered using 1.2 p glass
filters (Whatman). SPE was conducted using cartridges conditioned
with 6 mL methanol followed by 6 mL water. The filtered samples
were applied to the cartridges and the cartridges were washed with
ultrapure water and subsequently dried with N, for 30 min. Elution of
the compounds was performed with 6 mL of methanol. The eluate was
evaporated to near dryness under a gentle stream of N,. The residue
was re-dissolved in 1 mL of H,0O/Methanol (9/1; v/v) containing 0.1%
acetic acid. 100 ng of deuterated standard (hydroxy THC-d3) was
added to each sample as a surrogate.

LC-MS was conducted using a Surveyor LC, Thermoelectron, USA)
interfaced to an ion trap mass spectrometer (Thermo Finnigan, LCQ
Advantage, USA) equipped with an electrospray ionization source.
The chromatographic conditions are shown in Table 2. Tandem mass
spectrometry (MS/MS) was used to identify the compounds in this
study. A full scan of the compounds of interest was run to determine
the retention times of all the compounds shown in Table 3. This table
provides information about the compounds selected for this study. It
should be noted that this is just a representative group of compounds
on interest. The number of compounds could be expanded greatly for
application to other areas or concerns.

The selected reaction monitoring (SRM) MS/MS used the
positive ionization mode. The capillary temperature was maintained
at 300°C. Auxiliary gas was N, and Ar was applied as collision gas.
The intensity of these gases and the collision energy varied based on
an optimized tuning conducted prior to analysis for each compound.
The run was divided into segments and the compounds each had
individual scan events. The SRM was setup with the 1st segment to
identify amphetamine, methamphetamine, and 3,4-methylenedioxy-
methamphetamine (MDMA), the 2nd segment had heroin, the 3rd
segment had flurazepam, alprazolam, lorazepam, and diazepam with
the last segment containing THC-OH (11-Hydroxy-A9-THC) and
THC-OH-d3 (internal standard surrogate compound). Cocaine and
benzoylecgonine (BE) were run in a separate scan which had only 1
segment and 2 scan events for these two compounds.

It was not possible to obtain stable isotope-labeled standards for all
of the compounds of interest to provide specific quantification for each
component. The stable isotope-labeled hydroxy-THC-d3 was used as
a surrogate to measure ionization effects in the electro-spray LC-MS
analysis.

Results and Discussion

Other researchers have reviewed the use of LC-MS for application
in sewage epidemiology [10,11]. The current study was a survey of
compounds of local interest to determine if ion trap LC-MS could detect
the compounds of interest in Lubbock, Texas wastewater. Detections
were observed from each of the classes of compounds of interest as seen
in Figure 1. These results demonstrate measureable quantities of both
drugs and metabolites in the wastewater inflow.

In this study, several compounds were detected in the samples by
LC-MS (Table 4). While metabolic compounds were found in higher
levels than the parent compounds, it was observed that parent drug
of abuse compounds were present as well. This was a limited study
and with specific interest and greater funding, more standards could
be obtained to expand the number of compounds identified in the
wastewater.

The results indicate that further investigation into sewage
epidemiology is warranted in Lubbock, TX wastewater. One
application of this method has been proposed using the method of

sewage epidemiology to indicate if a prison has significant problems
with drug use at their facility [12]. Texas has a large prison system and
sewage epidemiology would be a very cost effective way for the state of
Texas to monitor substance abuse in the prison system [13].

In order to more fully utilize these data, future work will include
obtaining more metabolic compound standards and stable isotope
internal standards. A review of the surrogate deuterium labeled
hydroxyl-THC shows a considerable range of responses. In the
laboratory, this work was repeated several times but the amount of
material dissolved in the raw wastewater varies widely. Having stable
isotopic internal standards for all compounds would be required for
specific quantitation of each analyte.

Finally, the parent compounds are excreted in some cases.
However, clearly benzoylecgonine occurs at some of the highest
concentrations. Future studies will focus on metabolic break-down
products which should be present at much higher concentrations than
the parent compounds of interest.

Conclusions

The determination of several drugs of abuse, pharmaceuticals and
associated metabolites was achieved with a simple extraction and sample
clean up. Ion trap mass spectrometry was used successfully to determine
these compounds in wastewater samples. The number of compounds
of interest could readily be increased and determined if there is a need
for this in other applications. The LC-MS has proven superior to GC-

Column: Phenomenex Kintex C-18
Dimensions: 5y, 100 A, 150 mm x 4.6 mm
Mobile Phase: 0.1% acetic acid (v/v) in H,0O (Eluent A)

0.1% acetic acit (v/v) in MeOH (Eluent B)
Flow: 1 mL/min

Gradient: 0% B to 10% B 0-8 min

10% B to 60% B 8-15 min

60% B to 70% B 15-20 min

70% B to 80% B 20-25 min

80% B 25-30 min

80% Bto5%B 30-35 min
Injection Vol. 20 uL
Column Temp: 35°C
Sample Tray: 4°C

Table 2: Chromatographic conditions.

Reaction lons

Sample (Reference) Retention Time Precursor

lon 1 lon 2

Amphetamine 8.75 136.1 119 NA
Methamphetamine 10.07 150.2 119 91.2

MDMA 11.39 1941 163 NA
Heroin 13.73 370.4 328.2 268.3
Cocaine 13.74 304.1 182.1 150.3
Benzoylecognine 14.3 290.2 2721 168.1
Flurazepam 15.75 388.1 3153 288.3
Alprazolam 19.08 309.3 281.2 274.3
Lorezepam 19.09 321.2 275.5 302.9
Diazepam 20.85 285.3 257.2 228.2

THC-OH 27.51 331.2 313.1 NA

THC-OH-d3 27.45 334.2 316.2 NA

Table 3: The retention times of all the compounds, Note: The information was
obtained by running the standard mix of the compounds and tuning the compounds
in the LC-MS instrument. NA represents that there was only 1 reaction ion for the
compound.
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Figure 1: Drugs and metabolites identified in raw wastewater using liquid chromatography-mass spectrometry.

MS in ease of sample preparation and the number of compounds that
can be determined simultaneously. Overall, this method is appropriate
for use in forensic applications without requiring the more expensive
instrumentation that is employed for residual analysis in water that is
going to be routed for reuse and drinking water.
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Drug Compound Weekday Sample Weekend Sample
Collection Presence Response Collection Presence Response
Amphetamine 1st - NA 1st - NA
2nd + 816 2nd NA
Methamphetamine 1st - NA 1st + 4770
2nd - NA 2nd + 4720
MDMA 1st + 370 st - NA
2nd + 673 2nd - NA
Heroin 1st + 1380 1st - NA
2nd - NA 2nd - NA
Cocaine 1st - NA 1st + 331000
2nd + 187000 2nd + 411000
Benzoylecognine 1st + 389000 1st + 834000
2nd + 421000 2nd + 1000000
Flurazepam 1st - NA 1st - NA
2nd - NA 2nd - NA
Alprazolam 1st + 2550 1st - NA
2nd + 2650 2nd + 7900
Lorezepam 1st + 44800 1st + 44600
2nd + 30500 2nd + 30800
Diazepam 1st - NA 1st - NA
2nd - NA 2nd - NA
THC-COOH 1st + 2630 1st + 1910
2nd + 17400 2nd + 14000
THC-OH d3 1st + 16300 1st + 32900
2nd + 35500 2nd + 64500

Table 4: Compounds detected in the samples by LC-MS, Note: ‘+'=Present; -’=Absent, Weekday sample 1st=Tuesday, 2nd=Thursday , Weekend samples are all Staken
on Saturday.
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