Supplementary Materials and Methods
Preparation of Reagents
To ensure accurate detection of urinary polycyclic aromatic hydrocarbon (PAH) metabolites via gas chromatography-mass spectrometry (GC-MS), several reagents were prepared. Sodium acetate buffer solution (1 M, pH 5.5) was prepared by dissolving 41 g of sodium acetate in 300 mL of deionized water (D.I. H₂O) in a 500-mL volumetric flask. The solution was stirred until fully dissolved, after which the volume was adjusted to 500 mL with deionized water. The pH was then carefully adjusted to 5.5 using glacial acetic acid.
For enzymatic hydrolysis, a β-glucuronidase/arylsulfatase enzyme solution was prepared by weighing 0.5 g of β-glucuronidase/arylsulfatase into a 60-mL glass vial. The enzyme was dissolved in 50 mL of the pre-prepared sodium acetate buffer by gentle mixing on a rotating mixer at 40 rpm until completely dissolved. Similarly, an ascorbic acid solution was prepared by dissolving 1.25 g of L-ascorbic acid in 5 mL of deionized water in a 20-mL borosilicate glass vial. The vial was capped and placed on a rotating mixer at 40 rpm to ensure complete dissolution.
For derivatization, N-methyl-N-(trimethylsilyl)-trifluoroacetamide (MSTFA) was transferred into an amber screw-cap vial and purged with argon gas to prevent degradation. The MSTFA was stored in the sealed amber vial for up to one month. For sample derivatization, an Eppendorf repeater pipette was used to add 10 µL of MSTFA to each sample vial.
Preparation of Calibration Materials
To generate accurate calibration curves, individual analyte stock solutions were prepared. Approximately 5–10 mg of neat PAH standards were weighed into silanized amber vials, dissolved in 3 mL of acetonitrile, and diluted with toluene to achieve a final concentration of 100 ng/µL (or 400 ng/µL for 1- and 2-naphthol). These solutions were stored in a refrigerator under an inert argon atmosphere.
A working standard solution of native standard mix (W.S.A.) was prepared by combining 400 µL from each individual native standard stock solution in a silanized amber vial to obtain a final concentration of 4 ng/µL per analyte (16 ng/µL for 1- and 2-naphthol). The solution was homogenized by gentle swirling and vortexing, purged with argon, and stored in the refrigerator until use.
A working standard solution of ¹³C-labeled standard mix (W.S.I.) was similarly prepared by combining individual ¹³C-labeled standard stock solutions (90 ng/µL) into a silanized amber vial to achieve a target concentration of 6 ng/µL per analyte (24 ng/µL for ¹³C-labeled 1- and 2-naphthol). This solution was homogenized, purged with argon, capped, and stored in a refrigerator.
To prepare the internal qualification standard (I.Q.S.), 4.167 mL of W.S.I. was diluted with acetonitrile in a 1-L silanized volumetric flask to yield a concentration of 25 pg/µL per analyte. The I.Q.S. was aliquoted into amber 2-mL vials, purged with argon, capped, and stored in a refrigerator until use.
Preparation of Control Materials
Quality control (QC) materials were prepared by spiking 2000 mL of pooled, filtered urine with the native standard mixture at two concentration levels: 300 pg/mL for low-quality control (QCL) and 800 pg/mL for high-quality control (QCH). The QC solutions were homogenized overnight to ensure equilibration and then aliquoted into 16 × 100 mm test tubes, which were stored at -70 °C until use.
A recovery spiking solution (R.S.S.) was prepared by diluting a 40 µg/mL solution of ¹³C₁₂ PCB105 in nonane with toluene to obtain a final concentration of 100 pg/µL. The R.S.S. was aliquoted into amber 2-mL vials, purged with argon, sealed, and stored at 4 °C.
Proficiency test materials (PTs) were prepared by spiking 100 mL of filtered urine with different concentrations of W.S.A. to generate four urine pools within the linear range of the method. These solutions were homogenized overnight, aliquoted into 16 × 100 mm test tubes, and stored at -70 °C. The PT samples were randomized by an external administrator and labeled by external lab technicians.
Calibration and Calibration Verification
Prior to each analytical run, the mass spectrometer tuning and calibration were performed using an Agilent 7000A GC-MS/MS system. The system underwent "EI high sensitivity autotune," ensuring that ion abundance ratios and repeller voltage met performance criteria. If necessary, ion source cleaning or maintenance was performed to optimize detection sensitivity.
A full calibration curve was generated with each analytical run. The curve was constructed using eight external calibration standards (ECS) with concentrations ranging from 1 to 1000 pg/µL (4 to 4000 pg/µL for 1- and 2-naphthol). Calibration was performed using a log-log regression model, plotting the log-transformed ratio of analyte peak areas to the labeled internal standard peak areas against the log-transformed concentration ratios. The R² value of the calibration curve had to be ≥0.98 for acceptance.
Sample Preparation and Analysis
Enzyme Hydrolysis
Prior to analysis, urine samples and QC materials were thawed at room temperature. A 1-mL aliquot of urine was mixed with 1 mL of 1 M sodium acetate buffer (pH 5.5) containing β-glucuronidase/arylsulfatase enzyme (10 mg enzyme/mL buffer). Each sample was spiked with 40 µL of I.Q.S. using a Gilson 215 liquid handler. The tubes were gently inverted, capped, and incubated at 37 °C overnight (∼17-18 hours) to allow enzymatic hydrolysis.
Automated Liquid-Liquid Extraction
To each hydrolyzed urine sample, 3 mL of deionized water was added. The Gilson 215 liquid handler was used to automate the extraction process. A solvent mixture of 20% toluene and 80% pentane (5 mL) was added to each sample, and the tubes were capped and mixed for 5 minutes at 20 rpm. Samples were centrifuged at 2800 rpm for 20-30 minutes to ensure clear separation of organic and aqueous phases. The organic phase was transferred into clean test tubes, and a second extraction was performed to collect a total of ∼9 mL of organic phase.
Evaporation and Derivatization
The extracts were concentrated using a RapidVap evaporator. The pentane fraction was evaporated at 45 °C with 40% rotation speed under 400-450 mbar vacuum, followed by further evaporation of the toluene fraction at 80 °C with 50% rotation speed under 200-230 mbar vacuum. The final concentrated extract (~10 µL) was spiked with 20 µL of R.S.S., vortexed, and transferred into an amber autosampler vial.
For derivatization, 10 µL of MSTFA was added to each sample, followed by a gentle stream of argon to displace air. The vials were quickly capped and incubated at 60 °C for 30 minutes before analysis.
GC-MS Analysis
The prepared samples were analyzed using an Agilent 7000A GC-MS/MS system. The mass spectrometer was operated in electron ionization (EI) mode, and separation was achieved using a capillary GC column optimized for PAH metabolite detection. The detection of OH-PAHs was based on their characteristic mass fragmentation patterns, with quantification performed using isotopically labeled internal standards.

