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Introduction 
The opioid crisis in the United States has necessitated monitoring of 
these drugs in biological fluids by many state health laboratories. 
Urine is a common matrix for analysis, and labs require a simple yet 
efficient extraction process for both hydrolyzed and non-hydrolyzed 
samples. Here we describe a fully-automated, simplified extraction 
of opiates (codeine, dihydrocodeine, hydrocodone, hydromorphone, 
morphine, 6-MAM, oxycodone, oxymorphone) from acid-hydrolyzed 
urine and non-hydrolyzed urine prior to GC-MS analysis. The 
benefits of each approach are considered. The methods were 
automated using an Biotage® Extrahera™ and supported liquid 
extraction columns (Biotage® ISOLUTE® SLE+). 

Methods 
Chemicals and Reagents 
Reference standards (including deuterated internal standards), 
ammonium acetate (reagent grade ≥98%), concentrated ammonium 
hydroxide (~15M), concentrated hydrochloric acid (~12M) and 
derivatization agents were purchased from Sigma-Aldrich Company 
Ltd. (Gillingham, UK). HPLC-grade methanol, 2-propoanol (IPA), 
dichloromethane (DCM) and ethyl acetate were purchased from 
Honeywell Research Chemicals (Bucharest, Romania). Water used 
was 18.2 MOhm-cm, drawn daily from a Direct-Q5 water purifier. 
0.1% ammonium hydroxide (aq) was prepared with 50 μL of 
commercially available 28–30% ammonium hydroxide and 49.95 mL 
of deionized water. Drug free human urine was collected from 
healthy volunteers. 

Extraction of Hydrolyzed Urine 
Hydrolysis and Pretreatment 
50 μL of internal standard solution (10 ng/µL) was added to 5 mL of 
urine and allowed to equilibrate at room temperature for 1 hour. 
Hydrolysis was performed with 3 drops of concentrated hydrochloric 
acid. The vial was capped and heated in a water bath for 20 minutes 
at 60°C, then cooled and 3 drops of concentrated ammonium 
hydroxide were added to adjust the pH to approximately 9. 0.5 mL 
of hydrolyzed urine were loaded onto 1 mL ISOLUTE® SLE+ columns 
using the using the Biotage® Extrahera™ (Figure 1) and and a pulse 
of positive pressure was applied to initiate flow. The samples were 
allowed to absorb for 5 minutes. Analytes were eluted with 4 mL of 
95:5 DCM:IPA (v:v) which was allowed to flow under gravity for 5 
minutes into 60 x 18 mm rimless glass tubes. A brief pulse of 
positive pressure was applied to push through any remaining 
extraction solvent prior to evaporation. 

Extraction of Non-Hydrolyzed Urine 
Sample Pre-treatment Prior to Extraction 
10 µL of internal standard solution (10 ng/µL) was added to 1 mL of 
urine and allowed to equlibrate at room temperature for 1 hour. 
This volume was transferred to a 75 x 12 mm tube and loaded onto 
the  Biotage® Extrahera™. The Extrahera™ was used to add 1 mL of 
ammonium hydroxide (0.1% aq) to each urine sample, and 1 mL of 
each pretreated sample was loaded onto 1 mL SLE+ columns. After a 
brief pulse of postive pressure the samples were allowed to absorb 
for 5 minutes. Analytes were eluted with 4 mL of DCM:IPA, 95:5 (v:v) 
which was allowed to flow by gravity for 5 minutes into 60 x 18 mm 
rimless glass tubes before a final pulse of postive pressure to 
collect the remaining elution solvent. 

Post Elution and Derivatization 
The same procedure was used for both hydrolyzed and non-
hydrolyzed urine samples. Extracts were evaporated using a 
Biotage® TurboVap® LV (Figure 2) set to 1.2 L/min for 20 minutes 
with the water temperature set to 40°C. Upon dryness, extracts were 
reconstituted with 400 μL of ethyl acetate and vortexed for 10 
seconds before transferring to high recovery GC vials. Samples were 
evaporated to dryness with the TurboVap® LV set to 1.2 L/min and 
40°C for 15 minutes. Extracts were then reconstituted with 25 μL 
ethyl acetate and 25 μL BSTFA with 1% TMCS. 

GC Conditions 
Instrument: Agilent 7890A with QuickSwap 
Column: Restek RXi-5ms, 30 m x 0.25 mm ID x 0.25 μm) 
Carrier: Helium 1.2 mL/min (constant flow) 
Inlet: 280°C, Splitless, purge flow: 50 mL/min at 1.0 min 
Injection: 1 μL 
Wash Solvents: Methanol and ethyl acetate 
Oven: Initial temperature 80°C, hold for 1 minute 
Ramp 16°C/min to 265°C, hold for 4.5 minutes 
Ramp 50°C to 330°C 
Post Run: Backflush for 1.6 minutes (2 void volumes) 
Transfer Line: 280°C 

Mass Spectrometry Conditions 
Instrument: Agilent 5975C, SIM mode 
Source: 230°C 
Quadrupole: 150°C 
SIM ions available upon request 

Figure 1. Biotage® Extrahera™ 

Figure 2. Biotage® TurboVap® LV 

Results 

Recovery data are shown in Figure 3. Extraction recoveries were 
86%-101% from acid-hydrolyzed urine and 75%–93% from non-
hydrolyzed urine. RSD values were less than 10% across both 
methods. Calibration curves are shown in Figure 4. 

Figure 3. Opiate recoveries from hydrolyzed and non-hydrolyzed 
urine. 

Figure 4. Opiate calibration curves from acid-hydrolyzed urine using 
ISOLUTE® SLE+ with analyte concentrations between 10 and 2000 
ng/mL showing r2 values of ≥ 0.99. Internal standard concentrations 
were 100 ng/mL. 

Conclusions 

A simple, automated extraction workflow for analysis of opiates in 
hydrolyzed and non-hydrolyzed urine by GC-MS has been developed 
utilizing supported liquid extraction, ISOLUTE SLE+, and the 
Biotage® Extrahera™ with good recoveries. There are advantages to 
both the hydrolyzed and non-hydrolyzed methodology that must be 
considered, based on the needs of the lab. 




