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Simultaneous Determination of 18 Chlorinated Hydrocarbon Organic Solvents in

Dyeing and Finishing Auxiliaries by Gas Chromatography — Mass Spectrometry

TANG Juan, ZHOU Jia, QIAN Kai, DING You-chao"
(Nanjing Customs Industrial Products Testing Center, Nanjing 210001, China)

Abstract: A method of gas chromatography — mass spectrometry ( GC — MS) was developed for the
simultaneous determination of 18 chlorinated hydrocarbon organic solvents in dyeing and finishing aux-
iliaries. The sample of dyeing and finishing auxiliaries with proper amount of sodium chloride was ex-
tracted by oscillation with n-tetradecane, then separated on a DB — 624 U column (30 m x0. 25 mm,
1.4 wm), and finally detected by GC — MS with EI source in SIM mode. External standard method
was used for the quantitative determination. Results revealed that the 18 chlorinated hydrocarbon or-
ganic solvents could be separated within 19 min, and their calibration curves showed good linearity in
the range of 0. 2 — 100 mg/L with correlation coefficients(r*) no less than 0. 999 2. The limits of de-
tection( LODs, S/N =3) and the limits of quantification ( LOQs, S/N =10) were in the ranges of
0.033 -0. 063 mg/L and 0. 11 -=0. 19 mg/L, respectively. At three spiked levels of low, medium
and high, the average recoveries for 18 analytes in fluorescent brightener 1#(liquid) and softener 2#
(solid) were in the ranges of 93.3% —104% and 92.7% —104% , with their relative standard devi-
ations (RSDs) of 3.5% —5.3% and 3.2% -5.4% (n=6), respectively. This method was applied
in the determination of 23 dyeing and finishing auxiliaries with different properties, and tetrachloro-
ethylene was detected in 3 dyeing and finishing auxiliaries. With the advantages of high sensitivity,
good precision and accuracy, the method is suitable for the determination of chlorinated hydrocarbon
organic solvents in all kinds of dyeing and finishing auxiliaries, and provides a good strategy for fur-

ther quality control of dyeing and finishing auxiliaries.
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PR ZE AP BRSNS, A0, WA, SRR, WEAZH=ARR%Sas kg
JHIFE . SRR BERIE ShREBOR 25 . [ P A G R AR SR LA R A TR R, R Ak
SR, PRAR . FRTAIRR ) (REACH) SERER A 17 HLE 9 bG8 AT LA R {8 TR &4 0. 1%
B A FRR) (ECHA ) 2B ST E BB (SVHC) 45 3 it 45 5 RIS 6 Hif s 40 & T 3
FARBRANIEN )5 HAE R AR F AL R Z 4 (ZDHC - MRSL) i 848 5 WA =1 5
IRLE 4 FREURIBREIIEFIAEE R EBYLSUEFRIE Ocko — Tex Standard 100 B 7 v B
FE T 14 PR LA RBO R IR S0 1| meg/kg!” 5 AR L322 2 (RIEZR (CSPA) J5 4 R 2
AT LN 5 3 1 e S TR F T L S Ak 24 i B (CHCCs )
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LU SRRSO R S SR H Y R SR T, AMURRRE L, HYLUR
AR RS, AR AE B . e, TIRWIRS ., Ykl Ry SO SE g 45
W2 S PR JEORE, A AR P vy P SRR A LI R I 5E 73, DA Sk b x5 4 s By )
LR S T R R R S Bt e B R A LI R R AT SR RGE Y, AR
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1.1 &=, KFE#HH

Trace DSQ [l SAHEIE — J5i 324 ( £ E Thermo Fisher 2y #]); LDZ5 -2 Y INESTEE| Sigma 2\ &) ;
Milli-Q 4tk 245 ( 2£[# Millipore 24w ) ; PL602 — L Fil ML54 Y- RF-(J&&E 0. 01 g f10.000 1 g, 1
Y - FER 20 EIEATR AT .

IEHPURE (4B >99% , GC 2%, LifgZiGscinfl iy an]) ; AT KGRI EN (s Ardt, m
SORAERATE) . ZEHEE. SEE . Wakik. 1, 1- &k, 1, 2-2“58 k. 1, 1, 1-=5
ZHe 1, 1, 2= ke 1, 1, 1, 2-l@E ke, 1, 1, 2, 2.0 ok, AL Hi. NHEL L.
1, 2, 3-=Z&@Wke. 1, -5 M. -1, 2-Z5 k. k-1, 2-Z@ M. =AM WELHEHIN
ST M 18 AR A ML FIbRIfE 2B B R T 99. 0% , WA T Dr. Ehrenstorfer 23],

THIEA) . ZRYealis 2elsn) . AR, BRZR 14 RIZR 24, BEAR. RS E R, REBZHA. B
FL AIGLF) 1#, SIYLR 24 FSUMR) 1, R 24, FR) 34, KU 44, RGN 1#, JEE T
FEHLRL. BIERER. 2O AR 14, SO 24, RGN 24, IORIHE. B KB N5 23 AN52
FFE St ds) B 20 m At
1.2 fRAEBRIE S

PAPRE A . HEBRARER 18 PP RIBZEA N 4 100 mg, 430 HIETWUAEE I E A2 10 mL,
BC BT SR Y24 10 000 mg/ L G ARIGZEA MU RIBEbRE W, T 4 CImRTT -

PRE TAERL : 43 7R HL 0. 5 mL 18 Fh AR A DU R PR 5 T 10 mL 5 &5, FEHIE+
VUkerE R 2215, Bk 500 mg/L (IR SAriE TAEW; B HIE TS ERRER, MR RRREN O,
0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 50.0, 100.0 mg/L [ ZHbrifE TAEW
1.3 HmartE

FRELO.5 g(KEHHZE 0. 01 g) HESh, BT 50 mL Z0EH, MG R NaCl fil 5 mL E-DU%e, JRIESR
B2 20 min, L8 000 r/min .0 3 min, PGS ICKEREREY, BGHR LE®R, 5 GC -MSME,
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o 5k AREFEh J&W DB - 624 8 B E T BME (30 m x0.25 mm, 1.4 um) . FHEFETF: ¥
SIEEE 50 °C, 4% 5 min, LL10 °C/min FFE 240 °C, {5452 min, PERELIERE 250 °C; 35 iS4
5(99.999% ), WA 1.0 mL/min; A3FH#ERE, A 10 2 1 BEFERE 1.0 pl,

Rt PSS (ED EFE, BEEET0 eV, BFURRE 230 C, WURFFRE 150 C, £
LRI 280 °C, VAFFERAFE) A 0 min, 19 min B SCPARTINGS, e 7 WA (SIM) A8, 18 Fh& )z
AN RN T RE ST 2HWE 1,

F1 18 FPGUAIRZEAT LI I B o ) A0 o

Table 1 Retention times and monitoring ions of the 18 chlorinated hydrocarbon organic solvents

No. Compound CAS No. Retention time/min Monitoring ions(m/z)
1 Vinylidene chloride(1, 1- 5 Z%%) 75 -35 -4 2.853 61", 96, 63
2 Dichloromethane ( —%d H 42) 75 -09 -2 3.341 49, 84, 86
3 trans-1, 2-Dichloroethylene ( JZ-1, 2- "G Z%) 156 -60 -5 3.680 61", 96, 98
4 1, 1-Dichloroethane(1, 1-—5Z.4%%) 75 -34 -3 4,222 63*, 65, 83
5 cis-1, 2-Dichloroethylene (JIfi-1, 2-—&(Z%%) 156 =59 -2 5.133 61", 96, 98
6 Chloroform ( 584J5) 67 —66 -3 5. 661 83", 85, 47
7 1, 1, 1-Trichloroethane(1, 1, 1-=5.2%%) 71 -55-6 5.962 97*, 99, 61
8 Carbon tetrachloride ( VU %5 AL.55% ) 56 -23 -5 6.254 117", 119, 82
9 1, 2-Dichloroethane(1, 2-_5.Z%%) 107 -06 -2 6.574 62", 64, 49
10 Trichloroethylene ( =& ZH%) 79 -01 -6 7.592 130*, 132, 95
11 1, 1, 2-Trichloroethane(1, 1, 2-=& %) 79 -00 -5 10. 185 97, 83, 61
12 Tetrachloroethylene ( PY%d,Z. 45 ) 127 - 18 -4 10. 405 166", 129, 94
13 1, 1, 1, 2-Tetrachloroethane(1, 1, 1, 2-PU%d.Z%%) 630 -20 -6 11. 813 131*, 117, 95
14 1, 1, 2, 2-Tetrachloroethane(1, 1, 2, 2-PYSZ.%%) 79 -34 -5 13. 662 83", 95, 60
15 1, 2, 3-Trichloropropane(1, 2, 3-=& %) 96 - 18 -4 13.714 75, 110, 61
16 Pentachloroethane ( .52 %% ) 76 -01 -7 14. 602 167", 117, 130
17 Hexachloroethane ( 7N58.Z.%%) 67 -72 -1 16. 145 117*, 201, 166
18 Hexachloro-1, 3-butadiene( /N5, T ) 87 —-68 -3 18. 450 225*, 190, 260

# quantitative ion

2 RS

2.1 BIRENIEREF
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DB - 624 B4 E (0 HE(30 m x0.25 mm, 1.4 F | 79 B3

wm) S AR, SRR IR 6% FP 3 - RS i 7 s
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FE, X ARAR I FIAR P Ak A5 35 H A 3 U 0 4 B 2 T T T T & %
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Fig. 1 SIM chromatogram of the 18 chlorinated hydrocarbon

AP B fo e BoRRESE 2 B, (H TR I 3 AN organic solvents
lﬂﬁ"\] ﬁﬁﬁ%%iﬁ?ﬁ‘gﬁ}#fﬁ‘l‘ifﬁﬁ‘o the peak number 1 — 18 were the same as those in Table 1
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YA R g s B RERE B (Hh T IE T DGR RS, EHEAVE A SRBURTING, MRk E R
RAUERSLICREAR, ARG PN NRT 24 “EhAT R0, 58I Al 4 3 (0 43 T R Ak 3
EPRBUR . AR, IR EALBN)E 18 G AARSATHLIR R0 D B RET A 25K

2.2.2 FMEEHMMA GBI b SR ECH TR RS, HALSERR S R R,
TR L, WIS 7 AREFAER (0.2, 0.5, 1.0, 2.0 g) M4rHrH g, 455880, Frfts
R, CPATIEEZE; PR R S EER N FACBLR B ™ Sl g, GeRk B A
HARBEIAPUER, BIE—RER, PEFRERE R, E2SBURBEH NS SRS E, ™
O SR, AT g3 ™ AW, LR A SRR RN 0.5 g0

2.2.3 iRIEBEEHALAL AUITCRMTEEAI, HIREESe BN [ SCHER 5, DS Be 45 1 1 4
MGG T, 4T AFEIREER T (0, 5. 10, 15, 20, 25, 30 min) X} 18 Fh&lAARZEA LI H
(HIbRE R 500 me/kg) S ORI N . Z52R IR, 18 FhEUAUR A LA R 00 2 HUS R B & IR 15 i
A REAC TG AN, AERFRIS ) 20 min PR BRRAE, AP AR FRIN 18] 20 min,

2.3 FHEFITMH

2.3.1 ZMEE. RHREEETR ERASAET, B 127 EHI0RINR S TR T
B, DA 2 sy e e U B (V) XPEBURIREE (X, me/L) SEATANEININ . 45 REIR, 18 R fikes
AHUAEFRIILE 0. 2 ~ 100 mg/L FT iR TN R TER I, HCREL(?) AT 0.999 2(F2) . 1EBIHE
R CGRERR) 2#) o3 IR MIASED KB RRNZR 53, BL 3 f5F 10 fEEMEL (S/N) 230 E 18 Fha g2k
AYUEFIRRLIHER (LOD) AE & FER(LOQ) o Z2REIR, 18 S AUEISAPLIFRI LOD 0. 033 ~0. 063
mg/L, LOQ 4 0.11~0.19 mg/L, IJREMEALMER .

2 BATERES R 18 R AUREANUA TR ARSI . R . MG REL. R RAE 8 TR

Table 2 Linear ranges, regression equation, correlation coefficients(r*), limits of detection( LODs) and limits of

quantification (LOQs) of the 18 chlorinated hydrocarbon organic solvents in negative sample

Compound Linear range( mg/L) Regression equation P LOD(mg/L) LOQ(mg/L)
Vinylidene chloride 0.2~100 Y =65 656X -88 674.7 0.999 2 0. 063 0.19
Dichloromethane 0.2~100 Y =27 135.2X -50 108. 3 0.999 4 0.053 0.16
trans-1, 2-Dichloroethylene 0.2~100 Y =62 116. 6X -85 445 0.999 8 0. 050 0.15
1, 1-Dichloroethane 0.2~100 Y =78 547.5X - 177 865 0.999 2 0. 060 0.18
cis-1, 2-Dichloroethylene 0.2 ~100 Y =50 450.3X - 118 354 0.999 5 0. 046 0.14
Chloroform 0.2~100 Y =45 145. 6X — 88 888 0.999 3 0.033 0.16
1, 1, 1-Trichloroethane 0.2~100 Y =64 970. 4X - 143 745 0.999 5 0. 053 0.18
Carbon tetrachloride 0.2~100 Y =60 481. 1X - 168 856 0.999 8 0. 056 0.17
1, 2-Dichloroethane 0.2~100 Y =44 494.7X -96 315.5 0.999 4 0. 056 0.17
Trichloroethylene 0.2 ~100 Y =51095.2X -132 790 0.999 9 0. 063 0.19
1, 1, 2-Trichloroethane 0.2~100 Y =23 734.5X -41 697 0.999 4 0. 046 0.14
Tetrachloroethylene 0.2~100 Y =48 275. 8X - 140 927 0.999 5 0. 036 0.11
1, 1, 1, 2-Tetrachloroethane 0.2~100 Y =30 768. 8X - 102 032 0.999 7 0. 050 0.15
1, 1, 2, 2-Tetrachloroethane 0.2~100 Y =32429.2X -52 850.9 0.999 6 0. 056 0.17
1, 2, 3-Trichloropropane 0.2~100 Y=54177.9X -61 322.2 0.999 3 0. 046 0.14
Pentachloroethane 0.2~100 Y=21862.8X-72393.7 0.999 7 0. 050 0.15
Hexachloroethane 0.2~100 Y =39 322.6X -159 570 0.999 9 0. 047 0. 14
Hexachloro-1, 3-butadiene 0.2 ~100 Y =39 999. 6X - 187 695 0.999 8 0. 048 0.14

2.3.2 EIERSEEFE WEOEHE AR 1#CHA) FZEHGR 2#(WR) 2 AR, 20l H g ashn
10, 100, 500 mg/kg 3 MR EEKTF-HY 18 FhERBEZAPIEN, FEUALFAE T ABIFNE, BN EK
SEPATERR 6 K, EAEME 2 K, THE 18 FhE AR IA LS 57 0T 35 IS R AR bR il 22 (RSD)
LRI, 18 MBI LA FIAETE LIS A 5] 1R 2R 24 (1) ~F 38 [l lic 2R ok 93. 3% ~ 104% FlI
92.7% ~104% , RSD(n=6)4>543.5% ~5.3% H13.2%~5.4% (F3), FHHARFERER. 15,
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3 PR  18 RS ARSI R IR AR A X bR e fhi 22 (n =6)
Table 3 Recoveries and relative standard deviations( RSDs) of the 18 chlorinated hydrocarbon organic

solvents in negative samples(n =6)

Added Fluorescent whitening agent 1# Softener 2#
Compound - -
(mg/kg) Recovery (% ) RSD(% ) Recovery(% ) RSD(% )
Vinylidene chloride 10, 100, 500 95.3, 96.8, 95.9 4.2,3.6,4.0 92.7,94.1,93.8 4.7, 4.0, 4.5
Dichloromethane 10, 100, 500 103, 99.4, 104 4.3, 3.5,3.6 97.5,98.8, 9.8 4.0, 3.6, 3.9
trans-1, 2-Dichloroethylene 10, 100, 500 94.7,97.2, 96.4 4.5,3.8,4.9 956, 99.4, 97.2 5.3,4.2,43
1, 1-Dichloroethane 10, 100, 500 96.6, 96.2, 100 5.1, 4.5, 4.8 101, 97.6, 99.3 4.8, 3.5, 4.0
cis-1, 2-Dichloroethylene 10, 100, 500 94.1, 96.3, 95.9 3.9, 4.2, 3.5 97.4, 104, 96.3 4.6, 4.8, 3.9
Chloroform 10, 100, 500 100, 97.4, 103 5.3,4.5,45 98.4,97.9, 9.4 4.8,45,40
1, 1, 1-Trichloroethane 10, 100, 500 95.1, 96.3, 101 4.9,3.7,40 98.7,97.6, 99.2 4.6, 5.0, 4.3
Carbon tetrachloride 10, 100, 500 94.3, 97.2, 95.6 4.3, 4.5, 3.9 95.0, 96.3, 101 5.4, 4.7, 4.5
1, 2-Dichloroethane 10, 100, 500 93.7, 96.3, 95.8 4.2, 3.6, 4.4 99.4,95.4,98.3 4.6, 5.0, 4.0
Trichloroethylene 10, 100, 500 97.7, 96.9, 98.1 4.9, 4.9, 4.1 93.7, 95.2, 96.4 4.5, 4.6, 4.2
1, 1, 2-Trichloroethane 10, 100, 500 95.4, 95.7, 98.4 42,45, 3.6 96.2,97.0, 947 50, 4.5, 49
Tetrachloroethylene 10, 100, 500 98.8, 95.9, 102 4.3,3.9,40 94.0, 958,955 44,51, 4.2
1, 1, 1, 2-Tetrachloroethane 10, 100, 500 96.3, 97.3, 95.9 4.7, 4.6, 3.7 97.4,96.3, 99.6 4.7, 4.3, 4.5
1, 1, 2, 2-Tetrachloroethane 10, 100, 500 93.3, 95.8, 94.0 3.7, 4.1, 3.9 97.4,97.8, 96.0 4.9, 3.7, 4.2
1, 2, 3-Trichloropropane 10, 100, 500 101, 98.3, 99.5 4.2,51,49 98.3,9.0,97.5 4.0, 3.2, 438
Pentachloroethane 10, 100, 500 96.2, 95.8, 99.9 4.3,5.1, 46 98.5, 96.9, 98.8 5.2, 4.3, 4.4
Hexachloroethane 10, 100, 500 94.6, 98.3, 96.7 4.7,5.1, 4.9 102, 98.6, 99.4 5.4, 4.6, 5.0
Hexachloro-1, 3-butadiene 10, 100, 500 97.5, 97.9, 99.3 4.8, 3.9, 4.1 98.0, 97.2, 102 4.8, 4.8, 4.3

2.4 SEFREESRSHT

o PR ST (Y 7 VRT3 40 w3 A 23
AN B VRE S AT G, 3 e B ) E AT A
M ERE, TR R T, s T "
ARE S SR ML RN KISy i i, BT
FHIRENE, AL R, 3 ARSI AU 7
BRANIER, BN EZK, SHEaRh
59 394~528 382 mg/kg, Hrp g IR BH PEAE 5 25
100 L 2 Tetmehloroetbylene

20
3 &
SRS, 1K HE - 5 (e 0 2 e 0 . L

FIp 18 FhAL AR AT BLIE BRI 7 1, 60 oot e PO

B HTAb R 46 PEREAT T 0Lt R H A7 A 23 B2 B 2R 40 o
FRFVERE I R BRI | 25350 %77 Fig 2 Chromatogram of degreaser 1# for positive sample
TATHERE, MU, AR, BT O IR AT B R B, T T4 4
TSk RS TS, HEE AT AL

S 3k
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