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in Textile and Leather by GC/MS
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Abstract: A method of gas chromatography-mass spectrometry (GC/MS) was devel-
oped for the simultaneous determination of 9 organic solvent residues in textile and
leather, induding ethylene glycol diethyl ether (CET), 2-methoxyethanol (2-ME), 2-
ethoxyethanol (2-EE), ethylene glycol monoethyl ether acetate (CAC), N, N-dimethyl-
formamide (DMF), N, N-dimethylacetamide (DMAc¢), 1,2,3-trichloropropane (TCP),
N-methylpyrrolidone (NMP) and triethylene glycol dimethyl ether (TCE). Samples
were extracted by methanol, and directly qualitative and quantitative analysis by opti-
mized GC/MS. The results show that calibration curves of 9 organic residues have good
linearity with the correlation coefficients not less than 0. 999 5, and the method detec-
tion limits range from 0.12 to 0.23 mg/kg. Using negative cotton, linen, silk and

leather as the sample matrix, the recoveries of 9 organic solvents spiked at three levels
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range from 81.5% to 97.1%, and the relative standard deviations are less than 5.1%.

This method is simple and time-saving with high sensitivity and reproducibility, as well

as having practical application value.

Key words: organic solvent; gas chromatography-mass spectrometry(GC/MS) ; textile;

leather
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LB FIARUE 5 2= 50 mL &8, T B @
HERAZBZIE, B 1 ¢/L MIBG IR EM SR,
F—4 CHET R, HNBBCRFEGRBRMIES
FRUERE £ OT A B 2, BRI AR 0. 2,0.5.1. 0,
2.0.5.0,10.0,20. 0 mg/L ZFbruE TYEW .

F1 IMENBFNRIESH
Table 1 Mass spectrometric parameters

of 9 organic solvents

1.4 HAETAE

FRE 1.0 g 5 F 50 mL BEIEK4S &, I
A 10 mL FEE, jin 25 2% &, B 3 B IR E T %
TR 75 I VE A% L SR B 30 min, B 43 AF 5
i 0. 22 pm A HLUERE, fE GC/MS ll%E

2 HREIR
2.1 HREAEZHHRL
2.1.1 #|EBUAFMEE BT 9T

gy CERET  EMET  REME/ R 7R R Z M E T
(m/=) (m/=) min foe 4 T M 1 T T X8 O 4R B AT A
CET 59 74,59,45 525 L., EEEAMBE R ZREERRMS
2-ME 45 45,76,58 8. 40 mg/kgIR SRS, i Bk 4 Fris sl m
2-EE 59 59,72,45 9. 24 BERCR, SR TE 2,
CAC 59 87,72,59,43 10. 46 MR 2 AT LI o B B0 P R ) 3 O R
=" S b J ) 73 =3 )
DMF 73 73.44,42,58 11. 06 BTZRBEMIEC . AR BEMIE S b
; %% A, CET #l 2-ME 5
DMAc 44 87,72,44,43 12. 30 YE?%—F%HSL?&?\FIJHT,C A Hy 1o Wi A
cp e 097 75 1 . AT EE 2 A R X B AR T 0 AR M A R . DL R
09 9’ 9’ . Ay
VIR AE A 48 B 770 B, 9 Fb 43 1 9 1649 SF- 3% |
NMP 99 9944 42,98 1988 WEMEAKR, HERRNOEZ RS, 2%
TCE 59 59,103,89,58 16. 36 ﬁ%rﬁ,ﬂiiyﬁﬁﬁﬁﬁﬁéﬁﬁi‘%ﬂ%%ﬂo
®2 FEARKAFHEWE(n=6)
Table 2 The recoveries of different extraction solutions (n=6)
S E W/ % Xt kR
Y : s
CET 2ME 2EE CAC DMF DMAc TCP NMP TCE wz/%
Jiopr 8 90.1 89.7 925 91.2  89.9  90.4  93.2  88.9  86.2
R 8.7 90.3  87.5  90.6  90.5 885  90.5 90.1  88.8
FH 3.2~4.1
“ 90.8  89.3  88.6  90.5 89.9  86.7 89.9  9L.4  89.4
i 85.6 86.2 8.7 83.6 8.7 89.1 83.7 8.2 855
%k 8.7 90.2 9.3  82.5  90.0  88.8  93.4  90.6  89.0
B 88.1 863 90.1 85.3 857  90.2 851 88.9  84.6
P 6.8~7.9
7 90.0 87.2 8.7  83.4  82.6 889  87.3 8.3  84.9
fr 8.2 86.8 825 87.1 8.3 87.1 82.9 852 842
%k 41.0 384 652 69.3 70.1  65.3  67.4  70.1  68.9
R 43.5  41.2  67.1  70.2  69.9  67.8  69.9  69.4  69.8
MR 7.8 4.3~5.8
7 40.3  39.4  66.3 67.3 71.0  66.6  63.6 7.5  70.3
fr 39.2 388 621 645 659  63.5 60.8  65.3  68.5
Jiopr 8 32.4 351 59.3 55.8 63.1 66.5 59.9  60.3  65.6
R 36.2 37.3  6l.4 589  60.8 67.3  59.2  63.9  67.4
Eo 4.7~6.0
o 35.9  36.2 583 583  62.5 648 548 6l.2 658

) 33.0 33.9 53.8 55.

59.9 64.2 52.9 59.8 63.8
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2.1.2 BREFEMEE AL TRIE
B Hom 3 9 50 2 BB 7 AR BB S 47 v A e B
o AP, RXIEBRFEEEARERH,
T ORSE R Y 0 AE I 2R R VR 4, B
—EEFRAR SRR WS T 100 mL F i,
RIG R REREE 1 mL, 52 FH,9 FA N
BHAE — e RERBUR, R & CET f2-ME
WK 7E 25 AR O RR 22 B S s vk B
1 5 mg/kg FITR G PR UEVE R » LGN H 9 77 26 B
HRE TR SRR 7 ik SR U R, 5 SRR B, WU A
TR R AR BB AR 25 R K, [ R 5 7 85. 9940 ~
92. 7% Z ] (B I 328 95 390 6 BUASC A A A 1L 32 B
Bt [N I8 R S AR UL AT R SR AT AL 2
2.1.3 REEEMMRMA MY HE
T 58 REMA VLR, B DL 15 i 48 BOR E 2
FRUFIRBUBCR W BB 4, TEZS HME R4
MBI B 5 mg/kg WIR & br i
B LB E IR .30 °C .50 'C .70 °C A A [ iR B
T &SR BICRIE L. SER SRR, Bl
EREER TR 9 Fh 41T 4 Y 1] e 28 8 T A1
Fi A B S AR A9 CET M1 2-ME, £ 8 K 7]
R RRmBE/H T FE R . BIRA 30 T, 50
Y e AR L (H 30 CHIFATHERE 2.
PRI, 326 38 3 RAE D A SE e 4R BURLEE .

2.2 GC/MS &Ml &
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LKV AL BT AR A 22K, B AR
I, B DLk DB-5 (G554 1) Al DB-WAX (58 AR
PO BRSBTS B BRI K. &
] — E AR FN 3BT 454 T 5 X [R] — ¥R BE IR A A
WER AT R, S5 R W, S M A R H Y
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2 80+
5 10.46 15.88
£ 60r 11.06
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2 20r l
T T
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Ay B 45 RAAIETE 22 , 1 L ma o7 (B, JF DA A 52
55 3%k Pl SRR M 1) DB-WAX 635 4E,
2.2.2 EWBETFHEE SHEAWESBEETT
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B EBHERAZ AR, Eid 3 Ry
M EE FHHEEET m/z 3L, XM ET
FIRER (1% FE B AR B9 Z- 5T, B LUK m/ = 31
FBL R B GEAT R BB T 0T, AT
LB TIER . MKERNAIEERRTHE L,
2.3 AENLZUEEMEHR

e 12,170 1.2.2 TR B ik %) 1.3
W) RV AR TAR WG AT, 9 Fh A HLEE 3R 3R
FHAMREE 2 &40, Bl A [F] v B 30 B A A LS
FIE B R HEVE TR, 43 B AL 4T i GC/MS |
B, DA A B ) B0 W B g A6 A b , R 4 0 TR AR
YN R, 4 B o I 2R, 2R A DR R B AR
T 0.999 5, KRR BRI, UL SMEER TR
B H PR (LODs) 2i 0. 12~0. 23 mg/kg, 45 F
TR 3. HIFEK 3 H¥HE 7T W, DMF,DMAc Hi
NMP 524 6845 % & OEKO-TEX® Standard 100
BRI 5k (1 000 mg/kg) .
2.4 AEHEKERRBEE

6 P BF M B R 6 PR L 22 0 B2 R O R AT
s A1 CRFORG % B S50 . 72 B3k 4 Fh LT 43
Wit 2.5.5.10 mg/kg =K FEI, BN E
TR 6 YOT-AT 525, [ e 3 R 25 B 45 2R
I FR A MR EAERRTHE 2, 9F#FA
BLES 3 (9 - 3 [ R 7E 81,596 ~97. 10 2
V6] KR X B M 22 7E 2. 5% ~5. 1% 2 1],

100 b 1637

15.89
12.86

Relative abundance/%

T T T
13 15 17

#/min

Hia. A m/z31 BFsh. & m/z318F
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Fig.1 Chromatograms of different qualitative ions
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Table 3 Regression equations and correlation coefficients of 9 organic solvents
B AR/ (mg/ke) ALY IEESES g i Y BR / (mg/kg)
CET 1~20 y=283.48x—2 839.4 0.999 5 0.23
2-ME 1~20 y=559. 40x+297. 06 0.999 6 0.21
2-EE 1~20 y=160. 34x—665. 74 0.999 7 0. 22
CAC 0.5~10 y=163. 76x+308. 63 0.999 5 0.14
DMF 1~20 y=381.59x—1 265. 10 0.999 7 0.21
DMAc 0.5~10 y=501. 03x—215. 70 0.999 9 0.15
TCP 1~20 y=2358. 05— 2 746. 50 0.999 5 0. 20
NMP 1~20 y=268. 60x—1 880. 20 0.999 8 0. 22
TCE 0.5~10 y=725.83x—1 761.00 0.999 8 0.12
R4 IHBANBANEARERPHERENBERE
Table 4 Recoveries and precisions of 9 organic solvents in different matrices
gy o/ R/ % AH X AR o
(mg/kg)  CET 2ME 2EE CAC DMF DMAc TCP NMP TCE 22/ %
2.5 88.3 90. 3 85.9 88.3 94. 8 89.9 85.8 87. 95.3 4.3~5.1
% 5.0 91.2 89.5 89.9 94. 3 93.5 92.1 91.0 89. 93. 4 2.8~4.1
10.0 90. 3 93.1 96.7 91.5 94.2 89.9 91.2 96. 97.1 3.2~3.8
2.5 90.9 89. 6 87.9 90. 4 93.8 89.7 90.9 93. 90. 4 3.1~4.8
)i 5.0 89.9 90. 4 88.2 93.2 95.3 89. 4 88.5 94. 93.2 3.0~4.2
10.0 92.1 91.3 89.3 94.2 96. 3 92.6 94.2 94. 96. 1 2.9~4.5
2.5 88.3 94.5 89.6 88.4 92.4 93.5 88.2 90. 92.6 3.2~4.5
24 5.0 91.3 93.5 90. 3 93.5 90.0 95.2 90.0 92. 96.1 2.5~4.0
10.0 91.6 95.3 93.2 95.1 93.6 94. 2 89.9 95. 94. 5 2.7~4.4
2.5 82.1 80.3 83.2 83.4 81.0 84.7 82.5 81. 83.4 2.9~5.0
R 5.0 87.2 81.5 85.2 86.5 86. 8 90.7 82.6 90. 84.7 3.0~4.1
10.0 87.5 90. 4 87.8 84.7 88.1 87.9 86. 4 91. 85. 8 2.8~4.7
50 50
a b
8 401 8 40
: :
é 301 é 30
2 20¢ 2 208
% L 45 89 % i %9
& 10 2B 7 & 10 ) 5143 67
0 T T T T T 0 T T T T T
0 4 8 12 16 20 24 0 4 8 12 16 20 24

Wil Z5M ;2. LB 3. L TEER 4. B BB PAER ;5. N, N- AL A WAk

6. N, N-—H 3 Z Bk ;7. 1,2,3- =GR %6 8. N-F JL ML e B 5 9. = H B — F |k
B2 HARGAMEED)MEESRP IFEINBRFANEIEE(MEEH 5. 0 mg/kg)

Fig.2 Chromatograms of 9 organic solvents in spiked sample of textile(a)

and leather(b) (spiked with 5. 0 mg/kg)
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Fig.3 Chromatograms of positive samples of textile (a) and leather (b)
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