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Determination of trace polychlorinated biphenyls in
environmental water samples by solid-phase microextraction-
gas chromatography-tandem mass spectrometry using carbon

nanotube composite microspheres materials

SONG Xinli", ZHU Shugqi, WU Yuxin, ZHONG Liyan, LIU Yuqing
(College of Food Science and Pharmaceutical Engineering, Zaozhuang University, Zaozhuang 277160, China)

Abstract: Polychlorinated biphenyls (PCBs) pose serious threats to the environment and human
health because they are among the most common and persistent organic pollutants globally. In this
study, six PCBs were extracted from environmental water samples using multiwalled carbon
nanotubes (MWCNTSs) on polystyrene (PS) microspheres as the solid-phase microextraction (SPME)
coating material for gas chromatography-tandem mass spectrometry (GC-MS/MS). This coating
material is highly stable and exhibited a high extraction efficiency. 2,2’ ,5,5'-Tetrachlorobiphenyl
(PCB-52), 2,2',4,5,5" -pentachlorobiphenyl (PCB-101), 2,3’,4, 4’ ,5-pentachlorobiphenyl ( PCB-
118), 2,2",3,4,4',5'-hexachlorobiphenyl (PCB-138), 2,2',4,4',5,5'-hexachlorobiphenyl ( PCB-
153) and 2,2’ ,3,4,4’,5,5' -heptachlorobiphenyl (PCB-180) were chosen as target analytes. The

main extraction factors were optimized using a single-factor optimization method, which led to the
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following optimum extraction conditions: adsorption time, 50 min; agitation speed, 600 r/min; pH,
6; NaCl concentration, 1.5 mol/L; desorption temperature, 280 °C; and desorption time, 4 min.
GC coupled with triple quadrupole mass spectrometry was used to quantify PCBs in water samples.
The chromatographic separation system was equipped with a TG-5 SILMS column (30 mx0.25 mmx
0.25 wm), with electron impact ionization and multi-reaction monitoring modes used during mass
spectrometry. Five batches of MWCNT@PS were used as SPME coating materials, which were
determined to have relative standard deviations (RSD) of less than 8.8% for the six PCBs. The
reusability of the MWCNT@PS coating was also investigated ; RSD of the recoveries of 2.8%-9.3%
were obtained after ten SPME cycles with the same coating. These results reveal that the
MWCNT@PS coating materials are highly stable and reusable in SPME applications, with good results
obtained under the optimal conditions. The established method exhibited linearity in the range of
0.03-1 000 ng/L for PCB-52 and PCB101, 0.07-1 000 ng/L for PCB118, PCB138, and PCB 153, and
0.10-1 000 ng/L for PCB-180, with correlation coefficients of 0.993-0.998. Limits of detection and
quantification (LODs and LOQs, respectively) of 0.01-0.03 and 0.03-0.10 ng/L. were determined for
the developed method. The intra- and inter-day precisions exhibited RSDs of 1.64%-8.16% and 2.83%
-8.41%, respectively, at 2 ng/L, 3.31%-7.19% and 3.79%-9.12%, respectively, at 10 ng/L, and 2.70%
-9.38% and 4.04%—-8.56%, respectively, at 100 ng/L. The established method was used to determine
six PCBs in barreled drinking water, rainwater, and three environmental river water samples. No
PCBs were found in barreled drinking water, rain water and river water. Satisfactory recoveries of
82.4%—-113.2% were achieved at low, medium, and high levels. Accordingly, the MWCNT@PS-
composite-coating-material-based SPME-GC-MS/MS method is accurate and effective. This study
revealed that MWCNT@PS composites provide a good avenue for the rapid and sensitive detection
of PCBs in water samples.

Key words: carbon nanotube composite microspheres materials; solid-phase microextraction
(SPME) ; gas chromatography-tandem mass spectrometry (GC-MS/MS) ; polychlorinated biphe-

nyls (PCBs); environmental water sample
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Table 1 Retention times and MS parameters of the six polychlorinated biphenyls (PCBs)
Quantitive ion pair Qualitative ion pair
Retention
Compound time /min Collision Monitored Collision Monitored
energy/eV transition (m/z) energy/eV  transition (m/z)
2,2',5,5'-Tetrachlorobiphenyl (PCB-52) 8.7 34 292.0/220.0 34 292.0/222.0
2,2',4,5,5'-Pentachlorobiphenyl (PCB-101) 10.3 34 326.0/256.0 34 324.0/254.0
2,3',4,4' ,5-Pentachlorobiphenyl (PCB-118) 11.5 32 324.0/254.0 32 326.0/256.0
2,2",3,4,4",5'-Hexachlorobiphenyl (PCB-138) 11.9 20 360.0/290.0 20 358.0/288.0
2,2',4,4",5,5'-Hexachlorobiphenyl (PCB-153) 12.3 20 358.0/288.0 20 360.0/290.0
2,2',3,4,4",5,5'-Heptachlorobiphenyl (PCB-180) 13.6 36 394.0/324.0 36 396.0/326.0
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Fig.1 (a) SEM image of MWCNT@PS, and SEM images of MWCNT@PS coated fiber under (b) low magnification and (c)

high magnification
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Fig.2 Effects of (a) extraction time, (b) agitation speed, (c¢) sample pH value and (d) ionic strength on the extraction

performance of the six PCBs (n=3)
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Fig.3 Effects of (a) desorption temperature and (b) desorption time on the extraction performance of the six PCBs (n=3)
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Table 2 Linear ranges, correlation coefficients (r), LODs
and LOQs of the six PCBs

Compound Linear range/ LOD/ LOQ/
(ng/L) (ng/L) (ng/L)
PCB-52 0.03-1000 0.998 0.01 0.03
PCB-101 0.03-1000 0.996 0.01 0.03
PCB-118 0.07-1000 0.996 0.02 0.07
PCB-138 0.07-1000 0.995 0.02 0.07
PCB-153 0.07-1000 0.995 0.02 0.07
PCB-180 0.10-1000 0.993 0.03 0.10
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Table 3 Intra-day and inter-day precisions of the six PCBs (n=3)
Compound 2 ng/L 10 ng/L 100 ng/L
Intra-day RSD/% Inter-day RSD/% Intra-day RSD/% Inter-day RSD/% Intra-day RSD/% Inter-day RSD/%
PCB-52 3.45 2.83 4.28 5.20 4.28 5.81
PCB-101 1.64 2.91 7.03 9.12 2.70 4.04
PCB-118 4.80 8.41 7.19 7.93 3.89 8.56
PCB-138 5.12 4.72 3.31 3.79 6.19 5.29
PCB-153 8.16 7.62 5.02 6.39 5.90 8.01
PCB-180 7.94 6.21 3.92 4.81 9.38 7.31
*4 AAFEEEMBEFEHLLE
Table 4 Comparison of this method with other reported methods
Adsorption material E)I(:;}Clt;zn A?ﬂfiﬁfjl Line(z:lrgr/"il)lge ! LOD/(ng/L) Extracl‘;iior? time/ Samples

MIL-on-UiO "' SPME GC-FID 1-50000 0.1-2 30 water, orange juice
Co,N,@C,N, "™ SPME GC-FID 0.5-20000 0.17-61 40 water

COF TFPB-BD "’ SPME GC-MS/MS 1-1000 0.08-0.35 50 aquatic products
Pd-MONT " d-SPE GC-MS/MS 2-1000 0.26-0.82 45 water
Fe,0,@MOF 2! MSPE GC-MS/MS 5-4000 1.1-1.6 32 water
MWCNT@PS (this method) SPME GC-MS/MS 0.03-1000 0.01-0.03 50 water

d-SPE: dispersive solid phase extraction; MSPE: magnetic solid phase extraction.
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Fig. 5 Comparison of extraction efficiency by MWCNT@PS
coating with commercial coatings
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Fig. 6 Chromatograms of (a) blank barreled drinking wa-
ter and blank barreled drinking water spiked with
(b) 2 ng/L and (¢) 10 ng/L PCBs
1. PCB-52; 2. PCB-101; 3. PCB-118; 4. PCB-138; 5. PCB-153;
6. PCB-180.
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Table 5 Spiked recoveries of the six PCBs in environmental water samples (n=3)

Recoveries/%
Compound Added level/(ng/L)
Rain water Barreled drinking water River water
PCB-52 2 83.1+2.7 85.4+4.2 110.3+£8.7
10 87.5+3.9 82.4+6.1 92.1+4.3
100 90.4+4.3 107.3+4.6 98.2+9.1
PCB-101 2 106.3£5.5 94.6+5.0 89.2+5.3
10 87.3+4.7 87.1+2.7 90.1+2.8
100 94.2+2.8 92.6+8.4 82.9+5.4
PCB-118 2 97.4+7.2 86.6+3.6 94.8+7.7
10 87.3+5.0 109.3+£7.9 102.4+9.2
100 90.3+7.8 97.3+4.1 87.9+4.4
PCB-138 2 89.3+3.0 98.1+8.8 113.2+5.8
10 104.7+9.4 84.0+2.8 93.8+7.6
100 97.3+2.4 95.3+3.5 99.1+4.3
PCB-153 2 92.6+3.8 106.1+£7.3 90.2+7.1
10 87.2+7.3 98.3+6.8 96.4+4.6
100 85.0+2.2 96.2+6.2 91.7+8.4
PCB-180 2 98.4+9.2 91.2+8.3 103.2+7.9
10 108.4+6.3 89.2+4.5 98.1+£5.3
100 93.6+3.2 100.6+5.8 92.7+£3.3
480: 136362
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