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Determination of chlorinated phenols in textile by
gas chromatography-mass spectrometry
REN Qing-yun, WANG Song-tao ™
( Department of Chemistry, Jining Normal University, Wulanchabu 012000, China)

Abstract: An analytical method using gas chromatography-mass spectrometry ( GC-MS) is established for
simultaneous determination of 10 kinds of chlorinated phenols in textile. 10 Kinds of chlorinated phenols in samples are
extracted by methanol extraction. The extracts in potassium carbonate solution environment are acetylated by acetic
anhydride and then extracted by n-hexane. The resulting extracts are separated by using DB-5MS glass capillary column
and quantified by mass spectrometry. The results show that the calibration curve for 10 kinds of chlorinated phenols are
linear in the range of 1.0 =200 wg/mL, with linearly dependent coefficient (R*) higher than 0.999 6. The detection
limits are less than 1.0 mg/kg. The mean recoveries of 10 kinds of chlorinated phenols are 88.4% - 103.6% . The
relative standard deviation (n=6) is 2. 07% —4.61% . This method has the advantages such as easy operation, high
recovery , high precision and low detection limit,which can be applied to determine the chlorinated phenols in textile. It
can also satisfy the requirement for analysis of 10 kinds of phenol compounds in textiles.
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SR I, SEDURCTE T IR P 7 0 2 IR 2 AL s
PAIE G A8 B, A7 1 A0RH 6833 — i vk I 97 41
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1 #R5FE

1.1 {UE5RF

A B 1 — R B (GC —MS) , Agilent 7890A —
5975C A1, 36 [E Agilent 28 ] A 75 43 #r K F O
0.1 mg) ,MS A HFe R 2 Hbr 7 5 ( Lifg) A
BRI 77 5 e 75 R % RES2A Y, iR 4%
PR B w) Az 7 75 I VR AX, TP 0208 A, )™
T SR R P A A RN AR 5 B0 L, GQTSWZ
B A5 (i) ML A8 A7 BR 2 B A 77 5 4 Ja i L £L.
12 1.0 mm,5XFZ -5 %, W R it 20 B g2 UAR % &5
AR AR A,

PR :2,4,6 - = KM .2,3,6- =KW,
2,3,5-=5KM 2,4, 5-= G KM .2,3,4- =K
W 3,4,5-=4 KW 2,3,5,6- U5 AW .2,3,4,6-
PUSARM 2,3,4,5- DU AR AR, it o 3 4L
¥1=99% 1t B L g S c BB i A R AR, &
F[AMAEYEEME 1 Pos; BEE ECkE, ¥R
gl ) B = E Merck 23w TOKBRERER . L FRTE |
TCKBRIRAN R FR PR BREREN , 2 R 3 i 2, W [ v B

I A BRZS 7]
F1 10 MESEBMULAMERR
- DLy g L 1y
e maj%j;a: %i:jijf 7 GER *qﬁﬂ;;
1 2,4,6- =5 88-062  CqH;CLO  197.45
2 2,3 ,6- =& Am 933-75-5  C4H;Cl,0  197.45
3 2,3, 5-= &K 933-78-8  C¢H;CL,O  197.45

4 2.45- =5FKm 95954  C¢H;CLO  197.45
5 2.3, 4-=4Fm  15950-66-0 CeH;CL0  197.45
6 3,4,5-=40 KW 609-19-8  C¢H;CL,0  197.45
7 2,3,5,6-MUEER 935955  CgH,CL,O  231.89
8 2,3,4,6- AR 58902  C¢H,CLLO  231.89
9 2,3,4,5-PU% Kl 4901513 C4H,Cl,O  231.89

10 Fik- BN 87-86-5 CeHCL,0  266.32

PR HEARH 25 0« 23 31 A R BB 5 SR B s v
0.1 g(AFHH3 0. 1 mg) , 0. 1 mol/L fi ¥ 1 Pic
i BT A BE S 100 pg/mLL Y5 HER# 45 98, 4°C A
MR AR 6 N H .

TRAPRE AR H 0. 1 mol/L i i A1 45 45

36 BH 10 57

HEAE F B BTR SR vE TAE . R VI bR TAE
W Z Ty 3 & & A PK B 5.0,10.0,20.0,50.0,
100. 0 g, A bR TAE A I C 7
1.2 #HRETALE
1.2.1 HmIBIR

B4R E b fLAE R 1.0 mm ()42 )8 i, TR
SEFRBUREE 1 ¢ M E 0. 1 mg, B T HIZEHIEMN
B 20 mLL 7 R PR DR O R AN R S R IR
20 min, FHUELCK FEIOR L JE ] 100 mL i 45 i .
BRI TN 20 mL HSGEE 75 42 HL 10 min, S8R G 9F F
WA, 40 CoR e, 25 & 2T, FH 40 mL BkiR
B TR TR AR R I AR B 2 e e S
1.2.2 TEAL

A 2 mL ZFREF T30 W 2o, PR $% 2 min, #
B 10 mL 1E e, P-FE 2 min, # & 532, R
2. FRECEEHMA 50 mL 5B 98 W, IR 4
2 min 55 E TR BHIECEMBA 10 mL HIEZ
OE P, A1 g TTKBL R, R 1 min, D)
4 000 r/min [EEEE B0 S ming, B R, &K
BUAH T 2 08 Sk 2ok 0, 08 v =OME 8 3i% — Joi 35 )
M7E .
1.3 @wEiE-FRiEswmEy

kL : DB -5MS B A48 SAH 354,30 m x
0.25 mm x0. 25 pum; #EFE TR :300°C 5 A1 : 1 4R
TR 100°C ,454F 2 min, L) 10°C/min 38 )5 THEE
260°C , ARFF 2 min; 5 ZER BFR] 5 ming FT 4 11
MEE :270°C 5 o it F 4 i [l : 35 ~ 350 amu; S HE 5
KPR, i o 100 15 280 M 22, i i
1.0 mL/min; #FAE 5 1 L B FURIEE :230°C 5 DUk
FRUREE :150°C 5 25 7 X EL B B RE .70 eV Wl
Jra: PR B MU (SIM) |, FRAE B S 8N 3k 2

IR

£2 10 HEEEBLASYHRERNE STEEFRERLL
B e SER T m/z S

e R [,/ min CEFEI) F m/z

1 2,4,6-=%0EB 8.524 195.9:197.9:199.9:97.0 195.9
R (100:96:31:22)

2 2.3,6-=4ME  9.112 195.9:197.9:199.9:97.0 195.9
2. TS (100:97:31:25)

3 2,3,5- =R 9.214 195.9:197.9:199.9:97.0  195.9
LR (100:95:31:26)

4 2,4 5-Z4CEB 9.299 195.9:197.9:199.9:97.0 195.9
L% (100:96: 30:20)
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{8t HSERST m/z R
}_‘4 = 7N
R i (FREH) F m/

5 2,3,4-=&0E 9.850 195.9:197.9:199.9:97.0 195.9
LR TE (100:97:30:21)

6 3,4,5-=4UMW 10.038 195.9:197.9:199.9:97.0 195.9
ZRER (100:97:31:20)

7 2,3,5,6-PIUGH 10.765 231.9:229.9:233.8:130.9 231.9
i Z FR B (100: 80:49:29)

8 2,3.,4,6-PUsFE 10.824 231.9:229.9:233.8:130.9 231.9
By 2 FR TR (100:77:48:22)

9 2,3,4,5-PU&ZE 11.530 231.9:229.9:233.8:130.9 231.9
fit 7, W 1ig (100:77:48:21)

10 HEJEE 28NS 12.861 265.8:267.8:263.8:164.9 265.8
(100: 63: 62:22)

1.4 fFRAEEZR LRI

S15EL 100 g/ mL FRifERE 7T 0. 05.0.1.0. 2,
0.5.1.0.2.0 mL F 100 mL 30 =5 o, I AR
PR A 40 mL, OPACAD RS 1. 2.2 iE4 T, FF 4 IR
1. 3 a5k A S50 % | 38 o £ B8 B[R] S RRAE
BT F R LA T e IR, A8 & B U TR AR AR
AR

2 HRE5HMH

2.1 ZFEBURFIRIERE
B CTROHE. V(L HE) VK
BR) =9: LAY 3 M5 OB X & S8R B i) 32 BURBOR
Srl L 3 RRERBGRRT 1 g 54 10 M @A A
®3 FEBRFINEIEERMBERA LR

e/ %
Ak PRBOGAF N RBOER BT
FH it LI/ KGR LR TR
2.,4,6- =5 AW 78.8 61.8 32.0
2,3,6- =5 KR 75.0 40. 4 56. 1
2,3, 5-=A A/ 90.0 44.9 61.4
2,4 5-=F K 82.9 29.1 58.3
2,3,4-=50K B 80.0 27.3 70.0
3,4,5-=5 K 91.2 24.7 40.0
2,35, 6-PUS 9.3 30.0 80.5
2,3,4,6-PUSE AR} 88.5 17.8 78.8
2,34, 5-PUS AR 89.9 18.7 77.4
FAH T 92.1 19.9 84.0

il SCEL RS AT SR B, FRFEAR ) 25 4 kA7 42
W e AHE B B AL , 159 30 00 [l i R 25 R 3R 3
Fizn. W23 thal LUE Y, Hoh 2 g Y 32 L
R, V(L) - VOIKBEIR ) TR G 1 I BUSCR
S, F R S SROROCR SR 0, PR e FHY A g I
.

e P i A SR IBCHCR e b R T 3 R
BOGEATR I AR N 4 s, NZ& 4 Hal i,
55 3 MOTE A IRIBUSCR B0 22 58 1 K5 2 MY
FEIRCRHZEA 2 TEARBOSCR A S Y RT$E T , W%
U/ PRI R P i, SO FI SR 2 RO, REFP ]
A 1O 20 mL, 56 2 YO 20 L, RORBAH

x4 HELERASRIRNERILER
%1 Fp %2 553 b
FH s P FH e P FH e P

H b5 & SR
FIW B2 BIK B2W F1IR F2 R

40 20 20 20 40 0
2,4,6- =& KM 663201 644890 489231
2,3,6-— ST 601538 596864 469015
2,3, 5-=HEB 586327 601575 405486
2,4, 5-=4 KM 612014 583206 448921
2,3, 4-= 5K 563289 571002 381500
3,4.,5- Z5KEm 621563 591249 351126
2,3,5,6-PUS T 553126 548026 347890
2,3 ,4,6-DU SR 578931 601598 402315
2,3 ,4,5-PUG AT 561307 581457 356189
TR 547019 550219 254890

2.2 {THESHRIERE

A5k A 0.1 mol/L Bl B2 B A T AT 0. 1 mol/L
B AT A G2 PR, A5 SR R B, 2 R v TR
PR AEBCR IO 8 22 53¢, 2R T 0. 1 mol/L ik R 1 %5
VAR AT R G2 WA o 926 2 P T S X AT AR 2K
R R A I, 28 o WO i D I AT AR R 5E
A, A it e B Y SRR Ty B T SRR B A [ i
BEAIG, M8 AT EE 40 mL BFATAE 524 ISR 3
P, SR 40 mLL 0. 1 mol/L i R B ¥ W 1F by 22
IR
2.3 BiESWERHEESHL

DB-WAX (#1%) .DB -5MS (AE#R 1) F1 DB -
1701 (Hr AE R 1 ) AN R P o 1 AT 0k 10 & SR By
BV B GO E 1 s, B4 R L.
ORiE AIEFE AR SR, 10 Fh & @A ML G )
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53 B8 B T K s QR IR P A 3% 4 (DB -WAX)
2,3,6-=%KM 2,3,5-=G KW 2,4,5-= 5K
M 3 A [Al o A AR g 58 4 40 B, 1SR AR 1 2
HEAE(DBSMS) L i% 3 MEAWIEEA R 4 B)10
Fh & SR A5 Y 7E DB -5MS 35+ F AT LIA5 3]
SERE . L, AR % A DB -5MS K43
2510 A& EORBML A, G ST AR A T
L3 k- o A 450

25000004

2000000 1
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2.4 ZMEXREFEVHR

PRIBURH [R] 56 S5t 1) 25 0k 6 17, 20l i AT
AR E AR, i B 10 b B e AR IR 5. 0
10.0,20.0,50.0,100. 0 pg/mL /)& E AR L &9
Fhdh 1% 14 TR T i AT B A I , LA g AR
AR e BE R AR B, 2 A o 2R, TR 2R
PEBNA DR AR OC R B S5 R N 5 s s FRAE =

HLAK, A T

36 BH 10 57

FHRRE I I — R e B 1 & SR A S PR &
PRAEVE R, A 30 15 198 L (S/N = 10) I & J5 ¥4 4
PR, 25 2R ARHA 10 Fh 2 AR AE 5 ) H RS H R A%
F 1.0 mg/kg,

RS KUXREFHFERER

MRAR KR

E s 15 7 R .
(R*) (mg-kg™")
2,4,6-= 5K Y =48000X —-7660  0.9997 0.01
2,3,6- =K Y =41300X -8010 0. 9996 0. 02
2,3,5-=AKE®  Y=36800X - 11300  0.9996 0.02
2,4,5-=44W  Y=51000X - 18100  0.9999 0.07
2,3 4-Z4KEM Y =43100X -14100  0.9998 0. 03
3,4 5-=4EB Y =538000X —18100  0.9997 0.03
2,3,5,6-PUSAER Y =23300X -6590  0.9996 0.04
2,3,4,6-DUS KR Y =34900X 9180  0.9998 0.04
2,3,4,5-D05 K Y =29900X — 18000 0. 9997 0. 05
TR Y =24600X - 12000 0. 9996 0.04

2.5 [EIERNBEZE

PEHCRAT QR A 25 2 e A 7 [ S 2R RS
7 B, A 18 43 (43 3 AT IZKF-,6 A4~
HA 3 DNUIAKERY 10 Fr SR L G PR ARZ
R EUR IR M 1.0.5.0.20.0 mg/kg) . #% 1.2
L3 ik i 7 e A B S R AT I R , A5 SR ANk 6
No WA R R AR M E oy 1.0 ~
20. 0 mg/ ke E P, 2523 it v & 3 SOR W 1Y (el i %
£ 88. 4% ~103. 6% Z [b) , FX AR iER 250 5% .

F6 EWERNMBEE (n=6)
- WA/ 2 B AR % - RSD/%
(mg-kg™") 1 2 3 4 5 6 e/ %
2,4,6- =K/ 1.0 90.2 92.3 92.5 96. 8 93.3 91.9 92.8 2.37
5.0 96. 8 91.3 91.1 99.2 93.8 93. 1 94.2 3.40
20 95.2 93.7 89.2 88.4 91.3 94.6 92.1 3.12
2,3,6- =4 KR 1.0 100.2 96. 8 102.9 102.3 97.2 101.4 100. 1 2. 60
5.0 91.3 98.0 92.8 91.8 91.7 97.2 93.8 3.20
20 92.5 91.7 93.1 94.2 95.3 88.2 92.5 2. 66
2,3, 5-Z5UKR 1.0 102. 6 103.4 102.4 96. 3 99.3 95.5 99.9 3.42
5.0 96. 3 98.3 92.7 92.3 91.8 92.0 93.9 2.91
20 89.0 85.7 96.4 86.7 91.0 90. 0 89.8 4.23
2,4, 5-Z K 1.0 103. 4 108. 6 100. 4 100.2 102.2 106. 5 103. 6 3.27
5.0 100. 0 95.2 101.2 96.4 92.4 101.1 97.7 3.69
20 92. 1 99.0 89.8 92.7 93.4 92.4 93.2 3.30
2,3, 4-ZHER 1.0 93. 4 92.6 93.4 98.6 95.1 96.2 94.9 2.37
5.0 95.6 97.3 100. 3 98.9 102. 7 95.6 98.4 2.85
20 95.3 94. 1 93.0 90. 0 92.8 86.3 91.9 3.56
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o Bk, 5 [/ % yfj RSD/%
(mg-kg™") 1 2 3 4 5 6 %/ %
3,4, 5-= 40K 1.0 90.2 9.6 91.8 97.1 92.8 93.2 93.0 2.46
5.0 103.2 98.3 97.6 102. 4 96.5 103.4 100. 2 3.00
20 86.9 88. 1 90.4 91.5 87.2 86.4 88.4 2.34
2,3,5,6-P05 L 1.0 91.1 97.0 9.6 91.8 98.2 90.7 93.6 3.43
5.0 95.8 102.3 101. 8 104.5 103.9 100.2 101.4 311
20 91.0 96.0 89.4 86. 6 91.5 93.7 91.4 3.59
2,34, 6-PU A 1.0 90.5 92.5 95.3 89.7 96.4 93.7 93.0 2.83
5.0 91.7 90.4 86.7 95.6 9.6 85.2 90. 4 4.27
20 98.3 92.7 96.3 96.4 102.3 101. 1 97.9 3.59
2,34, 5- P0G A 1.0 101.7 103.0 97.2 101.6 98.8 97.3 99.9 2.49
5.0 92.5 91.7 93.1 94.2 95.3 88.2 92.5 2. 66
20 103.2 100. 6 98.4 101.6 98.7 103.5 101.0 2.15
A 1.0 98.6 100. 4 99.0 96.8 102.5 97.6 99.2 2.07
5.0 89.7 92.4 94.1 93.4 95.6 83.9 91.5 4.61
20 92.4 95.0 89.0 96.0 98.4 96.4 94.5 3.54
2.6 EERIEMATHI 3 i
SEIGHTIT ot O A B 19 58U (27 50 DR 45 T

FF B 4 MR A PR AR 25 F AT AL E,
ZERANGRT PR AR O AN BURE b R H PR
URE 4 A BHPEAG R0 4. 44% 54 AR & 1Y
G FHPERE 10 Bl EOR B S sk B A
JIr 25, Horh B o i GORIAL S W B B R
JEHIE 2,3, 5-=FR B Ak B ik 32.5 mg/kg, X
KU BER S HBRZ N & @RI EY.

*7T ELREmMBIEDN (mg/kg)
K] B e
R 55 5

2 3 1 2 3 1 2 3

2,4,6-=5KH — — 03 — 1.8 27.1 — — 0.3
2,3,6-=54H — — — — 2.3 — — — 0.1
235-=5%Fm — — 1.2 — 325 02 — — 0.3
2,45-=8KM — — 1.6 — 121 0.4 — — 0.1
23 4-=5KkH — — — — 51 — — — 0.1
345- =5k — — 227 — — — — — 0.5
2,3,5,6-UEAEH — — 41 — — — — — 0.3
2.3, 4.6-p0EKH — — — — 04 — — — 0.6
2,34 5-WEFH — — 3.7 — — — — — 0.2
T - — - — 03 1.7 — — —

T —" FR M E AR TR B, BIARAG

AR @S-G (GC-MS) /A7 T 74 dh
H10 FvE SR L S WO I EOR . 254U 10
ol SR AL 1 2 PP I 2 B, S IR B PR A 1
BT & ORI CBEAL 5 PLIE S e 250K, 22 DB -
SMS RIBANE M IS AE 7 B, 2075 R AF B9 70 B3
R i B AT R AR A AT e .
XS Tk R O R A H R A SR AR OB ST, 4
SRR %5 H A R PR 5 Il R
U K FRAR SRR A, W] o 258 P 10 5 SR
PG A 5 0 R B AL o Al A SO AR D, D
IR SRAT BB T TSR AR AR S
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