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Fig.1 Chemical names ( abbreviations) and structures of Dechlorane plus ( DP) and related compounds
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2.1
DP ( Wellington Laboratories Inc. Canada) ; "C223455-
(" C,PCB41) "C,- (" C,,PCB209) ( Cambridge Isotope Laboratories
Inc. USA); ( DCDE) ( AccuStandard Inc. USA);
N N ( Merck Germany  J.T. Baker USA) ;
; (0.063~0.2 mm Merck Germany) 180°C 12 h 3%(w/w)
50%( w/w) H,SO, 33%( w/w)
1 mol/L NaOH ( ~0.106 mm Sigma-Aldrich ) 250°C 12 h
3% w/w) ; o

TSQ Quantum XLS  GC-EI-MS/MS( Thermo Fisher Scientific Inc. USA) ; FBZ2002-UP-P
( ); R-114 ( BUCHI Labortechnik AG Switzerland) ; DC12H-
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RT ( ) o
2.2
0.28 mm 20 g “C,PCB141 “C,PCB=209
12 h 48 h; - (1 cmi.d.
6 cm \2 cm <5 ecm \2 cm <8 cm 2 cm
Na,S0,) 10 mL 70 mL - (1:1 V/V)
100 pL DCDE o
2.3
DB-SHT (15 m x0.25 mm i.d. 0.1 pm Agilent ) 1 pL
1.5 mL/min EI 70 eV 50 pA N 260°C 280°C
250°C ( SRM)
11 2
( 1
; SRM o
1.
Dp DB-5HT
110°C 5 min 20°C /min 200°C 4.5 min 2°C /min
250°C 20°C /min 300°C 10 min. L.
1 N N N
Table 1 Chemical information ion pair collision energy and retention time of each target surrogate and internal standard

Parent ion/Product ion ( m/z)

Collision energy Retention time

Compounds Formula Molecular weight (eV) ( min)
Quantitative Qualitative
Mirex CyyCly, 545.51 20 271.8/236.8 273.8/238.8 13.12
Dec-602 C,,H,C1,,0 613.62 12 271.8/236.8 273.8/238.8 17.27
DecCl, Cl;H,Cl, 514.68 25 239.9/169.9 241.9/171.9 18.20
CP C,sHeCly, 611.61 12 271.8/236.8 273.8/238.8 19.95
Dec-604CB C3H5ClgBry 613.61 42 360.7/200.9 362.9/202.9 20.52
Dec-603 C,,HgCly, 637.65 38 262.8/193.0 264.8/193.0 28.08
Dec-604 CA C3H,ClgBr, 692.49 32 440.6/280.9 442.6/282.9 29.64
Cl,,DP CsH,4Clyg 584.81 26 201.9/166.9 203.9/168.9 31.93
syn-DP CsH,Cly, 653.69 16 271.8/236.8 273.8/238.8 36.24
Cl,,Dp CsH3Cly, 619.25 16 237.8/202.9 239.8/204.9 37.30
anti-DP CsH,Cly, 653.69 16 271.8/236.8 273.8/238.8 38.23
3¢, PCB41 3¢, H,Clg 372.77 16 371.9/336.9 373.9/338.9 10.84
B3¢,,PCB209 B¢, Cly, 510.54 18 509.7/439.7 511.7/441.9 19.89
DCDE C,Cl,,0 514.63 31 441.7/378.8 443.7/380.8 24.61
2.4 (QA/QC)
450C 4 h ;
N 24 h ;
; ) . ( +50 ng
) ( +50 ng ) o
3.1
() (%)
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(R?) >0.9977 0.1~1000 pg/ul. 4 Mirex  Cl,,-DP
0.01 pg/nL 5 o
1 pg/pL (S/N) 3
o 0.005 ~0.100 pg/uL
( 2 0.25~5.00 fg/g GCNCI-MS w,
(50 pg/plL)
(RSD n=5) 1.1%~19.8% ( 2) . .
2 N N N N

Table 2 Linear range standard curve correlation coefficient ( R*)  instrumental detection limit relative standard deviation
( RSD) of 5 parallel analyses and recoveries in standard spiked samples of each analyte

Recovery ( %)

Linear Instrumgntal S| islzir(id}?f;ink S iSl:j(rildriﬁrix
Compounds ranges St?:ifd (R?) dfﬂiiltl;m RSD P se{mp]e P se;mple
(pg/pl) ' o (% n=5)
(pg inj.) RSD RSD
Mean (%) Mean (%)
Mirex 0.01~5000  y=16.5691x 0.9991 0.005 19.8 613  13.8 53.9  19.1
Dec-602 0.1~5000 y=4.0985x 0.9998 0.1 14.6 1140 149 545 127
Dec—Cl, 0.1~5000 y=2.2961x 0.9987 0.05 10.3 88.0  12.0 80.9  11.1
cp 0.1~5000 y=5.4444 0.9992 0.05 12.6 81.0 6.6 62.8 11.6
Dec-604CB 0.1~1000 ¥=0.8092x 0.9998 0.05 7.7 86.5 9.5 762 176
Dec-603 0.1~1000 ¥=0.9996x 0.9989 0.05 6.3 74.6 147 98.8  14.8
Dec-604 CA 0.1~1000 y=0.4538x 0.9985 0.05 14.9 95.3 5.6 99.6  14.2
Cly,-DP 0.01~1000 y=2.9082x 0.9977 0.005 11.0 87.2 142 1060  15.7
syn-DP 0.1~1000 y=2.1192x 0.9998 0.01 3.0 113.0 9.8 83.7 6.0
cl,, Hp 0.1~ 1000 y=5.1662x 0.9999 0.05 3.2 940 125 108.0  16.3
anti-DP 0.1~5000 y=2.4587x 0.9997 0.01 1.1 88.5 145 117.0  17.6
3.2
"c,PCB441 " C,,PCB209 55.0% ~
103.0% 83.4% ~107.0%; ;3
61.3% ~114.0% RSD<15%( 2); 3
RSD 53.9%~117.0% 6.0%~19.1% o
3.3
6
GC-MS/MS 2, ( 3) DP Mirex 6
100%; Dec-602 Cl,,-DP 5 Dec-604 CA  CP 50% 17%
Dec-Cl,+Dec-604 CB.Dec-603  Cl,,DP; 11 0.275~681 ng/g dw
( ) n.d. ~537 ng/g dw anti-DP  syn-DP Mirex  Dec-602.
DP o Wang " DP
DP.Mirex  Dec-602 1490 81.6  7.45 ng/g " . SDPs
(0.146~678 ng/g dw) o anti-DP DPs
(fanli) 0'79 DP fanli ’ DP
DP DP o
4
GC-MS GC-EI-MS/MS 11 DP

N N N DP
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Fig.2 GC-MS/MS spectra of DP and related compounds in ( A) standard solution and ( B) field soil sample
1. Mirex; 2. Dec-602; 3. Dec-Cl,; 4. CP; 5. Dec-604 CB; 6. Dec-603; 7. Dec-604 CA; 8. Cl,,-DP; 9. syn-DP;
10. Cl,,DP; 11. anti-DP.

3 DP (ng/g dw) (%)
Table 3  Concentrations ( ng/g dw) and detection rates ( %) of DP and related compounds in field soil samples
. 1 . 2 . 3 . 4 . 3 . 6 Detection rate
Compound Soil 1 Soil 2 Soil 3 Soil 4 Soil 5 Soil 6 (%)
Mirex 0.019 1.42 0.441 0.056 0.023 0.003 100
Dec-602 0.069 0.814 n.d. 0.025 0.055 0.123 83.3
Dec-Cl, n.d. n.d. n.d. n.d. n.d. n.d. 0
Dec-604CB n.d. n.d. n.d. n.d. n.d. n.d. 0
Dec-603 n.d. n.d. n.d. n.d. n.d. n.d. 0
Dec-604CA 0.298 0.331 n.d. 0.312 n.d. n.d. 50.0
Cl,,-DP n.d. n.d. n.d. n.d. n.d. n.d. 0
Cl,,-DpP 0.058 0.600 0.004 0.075 0.151 n.d. 83.3
Cp n.d. n.d. n.d. n.d. n.d. 0.003 16.7
syn-DP 5.52 141 0.076 7.99 10.7 0.028 100
anti-DP 11.9 537 0.320 35.8 41.3 0.118 100
SDPs' 17.42 678 0.396 43.79 52.0 0.146 100
3, DECs? 17.90 681 0.841 44.30 52.2 0.275 133
£ 0.68 0.79 0.81 0.82 0.79 0.81 -
Note: n. d. = not detected; 1: 3XDPs = syn-DP + anti-DP; 2: 3,, DECs is the concentration sum of 11 target compound;

3% funi = Camior ! ( Conipp +Coppp) - dw? dry weight.
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Co-analysis of Dechlorane Plus and Related Compounds in
Soil Sample by Gas Chromatography Coupled with Triple
Tandem Mass Spectrometry

LIU He-Huan' > LI Hui-Ru"' ZHANG Wen-Bing' SHENG Guo-Ying' FU Jia-Mo' PENG Ping-An'
'( State Key Laboratory of Organic Geochemistry and Guangdong Key Laboratory of Environmental
Protection and Resources Utilization Guangzhou Institute of Geochemistry
Chinese Academy of Sciences Guangzhou 510640 China)
*( University of Chinese Academy of Science Beijing 100049  China)

Abstract A co-analysis method of gas chromatography coupled to a triple quadrupole mass spectrometry
( GC-MS/MS) was developed for the determination of 11 kinds of Dechlorane plus ( DP) related compounds
including DPs  dechlorinated DPs and its structural analogs. This method was successfully applied to the
analysis of DPs in field soil samples. After clean-up through a multidayer silica/aluminum column the soil
sample concentrate was measured with the following instrumental parameters: electron impact ion source
select reaction monitoring mode DB-SHT capillary column (15 m x 0.25 mm i.d. 0.1 pm) and
temperatures for injection port transfer line and ion source were 260°C  280°C and 250°C  respectively.
About 1 pL of sample was injected in splitless mode with helium at 1.5 mL/min as carrier gas. The results
showed that the analyte standard curves demonstrated linearity of 4 or 5 magnitude ranges with the correlation
coefficient varying between 0.9977 and 0.9999. The instrumental detection limits for these analytes were in the
range of 0.005-0.100 pg and the relative standard deviations ( RSDs) for 5 parallel analyses at concentration
level of 50 pg/pL were 1.1% —19.8%. With this method the total concentrations of DP and related
compounds in the field soil samples from a typical polluted site and its surrounding area changed between O.
275 and 681 ng/g dw ( dry weight) with a detection rate of 100% and the concentrations for individual
analyte varied from n.d. to 537 ng/g dw with anti-DP and syn-DP as the dominant pollutants. The mean
recoveries of the two surrogate standards in all samples were 55.0% — 103.0% and 83.4% — 107. 0%
respectively and the mean recoveries and RSDs of all analytes in blank and matrix samples were 53.9%-117.
0% and 6.0%-19.1% respectively.
Keywords Dechlorane plus; Gass chromatography-+nadem mass spectrometry; Soil; Halogenated flame
retardant; Pesistent organic pollutants
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