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Determination of disperse dyes in sludge by matrix dispersion solid-phase extraction
with high performance liquid chromatography-tandem mass spectrometry
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Abstract: A matrix solid-phase dispersion( MSPD) combined with high performance liquid chromatography-tandem
mass spectrometry ( HPLC-MS/MS ) method is established for simultaneous determination of three disperse dyes
( Disperse Blue35,Disperse Redl and Disperse Orange37) in sludge. The pretreatment conditions are ; mixing 0.4 g of
sludge sample with 1.6 g of PSA for matrix solid-phase dispersion and automatically grinding for 10 minutes , transferring
the mixture into a column and eluting with 6 mL of ethyl acetate, blow-drying the resultant eluent by nitrogen and
dissolving it with 800 wL of acetonitrile. Three disperse dyes are separated upon a Syncronis C,; column using
acetonitrile-1%o formic acid water as mobile phase by gradient elution and detected by MS under selected reaction
monitoring (SRM) mode. Three disperse dyes can achieve good linear relationship in the range of 2 — 100 pg/kg with r*
>0. 998. The limits of detection (LODs) for the target compounds ranges from 0.01 pg/kg to 0. 14 wg/kg. Average
recoveries at three spiked levels are in the range of 86.4% —106. 4% with relative standard deviations( RSDs) of 2. 9%
—8.2% . This method is fast,accurate and sensitive, which is suitable for the detection of trace disperse dyes in sludge.

Key words: matrix solid-phase dispersion extraction; high performance liquid chromatography-tandem mass

spectrometry ; disperse dyes; sludge

IR — KA PR A A B T AL R
FLA R RGO A BTk, H AT/
GEBMEGERE Tl oy A FH 25 5 20 A, 5 T
PRET4E R R B 20 25 iR 2 e 00 AR 7 B
QR A BT, BES A B B sl
WA — e O ik R SR A R 3k 2 e et i
A TR R RE , B E PR IR R 5 A b A 25 25

2L FRUE Oeko —Tex Standard 100 f42 H , 2524 T2
BP0 B U s G I Ay Al ke T B 57 2 o 1 o 2
Ry I H o IR LY ED L i A 7 R 2
DRI, ER e Tl ™ A R ER YLK, Horh il o0 0 g
BHERL BT b, 7E 75 YR Ia 20 A ) 2 A b 25 ) i
HASRGITRE L TR IR R WHER R
GEM SRR RA KIS TE R e M. JekbhryE

75 A #A:2015 - 07 -26
EE&WE 71 mK B RBE0F 78 R H (15KJA610003 )

EEEIIT : 2348 (1990 - ) 5 M E , AR b2 S5 BRI MM F 5T , xiaokilo@ 163. com s 5K 7 18 (1963 =), i, i1, 3% , i 7 Arfb 2 S5 36
5 WA T, 3 THIBE 2R N ,0512 - 68093060 , zhanenzhang@ 126. com,,



2016 T2 B

S SO TR YR P AR B R H
T L FE PR St G I g B 5 2 4 v e K AR
Frin T BT R R S U R R A
IRIERD o P, AL — B T REE R AR S
Ve rb o R RSN T 22 A 2

FEFH R A [T AH 23 A U (MSPD) ) I &
TP A A [ AR ot A7 A PR R TUAE B AR
XI5 VRRE A P A S R AT SR B R4 A R
ROBAR (T R IR B s i v 1 BN G TS 8 rh o3 g
R 7%

1 XEH

L1 {UE5iH

Ultimate 3000 &80 AE 4 17%4Y , 35 E Thermo 2y
w477 TSQ Quantum Ultra EMR = 25 PO AT R 346
W52, 35 [§ Thermo /3 714 7 DC -12 B X, |-
WS N T A  HY 2 W 2 R & 48, 95 N R
S A BR A B A 775800 Y B ITTENL, b ik
B A BR 2 W) £ 77 5 Milli —Q Academic 27K 25, 55
[E Millipore 2\ H] A 72

PR il 20 HOH 35 L0 BRAL 1 A0y ok 37 g1
F [ Aladdin 24 7] PEE G (B4R gk al) 1 T 55
[ Tedia 28 w5 95 % HLAE 4 oho M A48 (fd AT A
400°CHHE 4 h) /e Ak RS 2GR (HC -
Cis) N-NEE L AT (PSA) ¥l T {8 [E CNW
/AT
1.2 #RERRAIELH

VR PR IBUBR 1 i 10 mg OR§f§ 2= 0. 01 mg) F
10 mL Z8 G0 b, TP v i 0 25 22 20 B, TC 0o
HUKIE N 1000 me/L FFRIEREFTIK, - 20CLRTF4T
FH o BRI fifh 48 VRIS f , T P s R ) T s K R 1Y)
RAPE LR, %5, 4°CT ORI
1.3 XWHE
1.3.1 #2kE54H4

TG URRE RS TR N Y ) e 4 TR UE 5 15
Je , BRI T b B 5 120 H i, 38 AL
.
1.3.2 HeAnAf oo o # 4

FREUAS SRR 04075 108 20 g T T 1 3 3 e
e, A 20 mL BVEEIFE A 1T mL J57 4 v B
1 mg/L AIR-AARMER R, (515 e SR G I B
SR, il 28 1 50 pg/kg BYINAR TS PERE A, LA 1L
SEHd .

RERF EREESHER-BRAREEE-FRRIEENE S EPI DR 173 -

1.3.3 #oait®

HEFAPREL 0. 4 ¢ V5 IRAE AR A 1.6 ¢ PSA JHA 4
JROFEEER PR AT, IAGE B /NN ER (29 65 g) , [l
TG A P EE 10 min, 95 R L5 AIBGR TR
YR 2 10 mL BERG/IME, A8 mL LR LMk
FTUEME , MR VEIBE I, 2 W 2= T 5 A 800 pL Z i
SV, 0.22 wm 8RS U8 S A B ShE R/ iR
(SR
1.4 HPLC-MS/MS 14
1.4.1 @&3E5&n

Syncronis C,q 52 AH 7% 45 (100 mm x 2.1 mm,
1.7 wm,USA) ;i 3# A 0. 25 mL/min; #:75 k 30°C 4
HERER S WL i hAH : 1% K (A) FIZNE (B) 5
Ve R F:0.0 ~2.0 min, 15% B; 2.0 ~
2.5 min, 15% ~95% B;2.5 ~8.0 min, 95% B;
8.0~8.5 min,95% ~15% B;8.5 ~10.0 min, 15%
B, /%4 10 min,
1.4.2  JRiE&M

LA Ay fin P4 58 25 8 1R (H-EST) | 1%
A 5 I AE Ay e 4 I W I ( SRML) 5 W T
JE2k 4 000 V; %55 il B2 R 300°C ; B U 1
206. 85 kPa; i B S & 710 68. 95 kPa; BN E 1R E
7 320°C ; BYNAE L /10 0.20 Pa, SRM Z:3ln 1

FIis

Fz1 3 FSEEEEA SRM KR S
R AT N R
L IO TET(m/2) A

I35 520 2851  142.2,196.2,270.29 52,3420
Al 5.59  315.1 122.3,134.3,255.20  30,22,24
AEE37T 0 5.69 39201

E:-OERET.

133.4,351.2 = 31,16

2 SRS

2.1 EREEDEZGRL

FAFACTE IR AT 2. 3. 2 Hh il & 0y s 15
PerE AT AL
2.1.1 BEAFERekF

PEHCR AR (HC-C g % HURE 1 PSA 4
b U R A2 ORI HEA 7 b3, A< lREE A% 2 FR o
18 2 WIAL, DL PSA FESNZEIBGRIINT, 3 s I 47 1] i
FITE 86% LA I, 2 W i 47 Ath A6 B, 3 2
PR SRy o3 I L 45 48 v B A AR 22 A PR e K R 1A
—NO, .—NH, ,—CN.,—O0G %, PSA {E Rl P4 K



174 - A, AL T

A TEAR A REACAE IR 3 A AR R VR

A RO R AR R A 20 B

F2 AEZFERFIX B AR B B 500

R EEEIES YRt R T/ %
Al, 05 SR8 35 20.4
vinicAm! 58.7
IR 37 39.0
Cig AR 35 59.2
vinicAm! 47.1
Sy 37 42.2
Florisil AR 35 51.6
Vigiiean| 58.8
S 37 59.1
PSA AR 35 86.2
e 90.9
SR 37 88. 1

2.1.2  RBLA ARG L3
1 T O R AR P 5, e M 75 i B AT —
FEAE . DAV H | 2R R SR P R A B 1A 9 Ao
BRI 3 s, HER3 AlLLVE W, R OERXF 3
i E AR BRI SR 0, i R 6 4 5 40 H
R, B AR Y, PR I R4 R TR R B R
3 AEBEBRFIR B AR E W R R #h

R FNSE YRt R I8 4 2%/ %
L Sy 35 66. 1
inean| 59.0
g3 37 61.2
Y st SYHE 35 65.9
I3 1 62.7
oy 37 78.8
LR SIE 35 9.5
iniean| 88.0
oy 37 93.4

T LR CTgAF R 4.6 8,10 12 14 mL A}
IR . SRR AR 8 mL B, [l A
89% ~96% i [FEIN, Z 5 IREFRE , B K, &
FIFEW L IR A FT T DR D A L R
D] 0B 2 PR IR R R 8 mL,

2.1.3 #H&h FRA L6k E

S INE Ve A i 5 ARG il AR, AT

HIRFE SRR R Lo 1:1,1:2 1:3 1:4 K%

36 B5F2H

L S A BOICR, 45 RN 1 s

120

100f 3
8 30:—/—:274:2’/’;;;:'
£ o/ y/
& 40}

20 »ﬁ——e//

L
1:9

w

BRI,
1—ME 35 52— 4 HUAT 1:3— 5k 37
B A & A U R b Xt E AR A
B &SR

HE 1 ATLUE ), R S22 OGN B i LA 10 1
P B 1 ARy RE T, [R5 Ak S in A
BOR &, 70 WOl 35 A BLAL 1A IRSR B B R
R o SRR A 22 1R A BGRDG H ARy Joa W B R i ff H:
MELAVENR . Z56 78 18, e FEamn S 2GR LB hy 104,
2.1.4  R)BEAALE

R SR A A8 R0 435 B S s [0) 55 I A B B 1Y) it
i (BRI o

TR R IV1) 2 5 MR A 5 i 2 B AR 1 TG
HORTE B 2 BT AR PR BTt A BT AN [], DA 52 i 2 B
RO N TS 52 i T 0 IS ) B2 F
BRI SRS 2 EIA R, HAERT FEJ7, I, 2EE R
FHRE 2 R TR /INEK B 15 Yo i i ZE IR F— e 5K
/NI (EAAHN 8 mm, i Ry 0.8 g) —EA
BREETH RGO

[FIE, %58 T RHENNA 50 .65 .80 g /NN XT A<
BOSCR B . 25 R K BL,65 ¢ I It . It
PR /NI R I BIFEES T FEAS A2, R B HIUR
AR NIEREL 2 B A S e L 2 AR R 1

20 2% SRR I E] 43 351 0.3.6.,8.,10,12
15 min B XF A BORCR B 52 0w WF S R[] 2 10 min
F, 5 5 2R BGR]  BURCAT, R D) T 5 25 G 1 25
B AE A, ISR TE 83% ~ 102% ZIH], Z J5 i
A% o TR PR A ] 5 K S R e s ST R B
T T , 0] B R P A TG 3 -, (45 1]
WA R SR R T, WA 20 e BT B IF ] 10 min,
2.2 ZMESEEFKG H R

AR E =, B B 3 50 miloh 1.2.5,
10,20 .50 .100 wg/kg (7 3 Fh i e inbris e
FE P AL I S AT R s AR S,
DIIIARTG PR L () XTI THIAR () AT BRI G, 2
il TAERNZE . LA 3 A5(E 0 L 7 vk B, T
2k FHOC R B MR A H BRANEE 4 FroR. |



2016 T2 B

4 AR, AL 1 A R 37 12 1 ~ 100 pe/ke,
A 35 75 2 ~ 100 wg/kg 5 H N AIE R R R 4T, A
F R HEH 0.998 8 ~0.999 5, ik H PR M 0. 01 ~
0.14 pg/kg,
R4 FEHEEFEEXRY KRG H R
R MG, KR
R (pgke™) (pgkg™)

SrEEE 35 y=2783.7x+601.48 0.9995 2 ~100 0.11

YRR LI

Arier 1 y =18400x + 17041  0.9993 1 ~100 0.01
SR 37 y=12324x+17104  0.9988 1 ~100 0.14

2.3 LEREEMSTR

BT M T BN YL T B ER Y 5 e, i ik Ak B ] A
RN DS ity , i foe A T A 3 2% 17 Sl 2% 74k
PO, B S P AT 3 I, Horp, 43 HkET 1 A K
R KPR 22, 4 ek, S B 35 FAT K 37
BIR A o Bl AE B R TE U8 i K SF o 10,
50 pg/kg F1 100 peg/kg 1Y 3 Tl or WO kL, 4% fe A Aip
Jb P25 A R I A AT A, AR A AT I
3 W, B B R X A o O 2, A5 RSk S Fr
TN SEBRAE L IIRR A S B €35 BN e Cnbr K7k
50 wg/kg) N 2 R

40000

%20000» /mw\m

" 20000' Disperse Red1
n-nﬁ L

0|
42400001
o L
0 1 2 3 4 5 6 7 8 9 10
it /8] /min
(a) SEBRTSJEFE M INARTT Y SRM €435 ]
i 15000F Disperse Blue35
5 10000+
5000
m 10008' Disperse Red1
= 50000 [
0
30000r Disperse Orange37
20000/
10000f
0

1 2 3 456 7 89 10
B} E] /min
(b) SEZFRT5 IRRE S INFR)G A SRM (435 &
W2 SERrmReEEmicaS
AuAR By SRM 8,38 [ %t H

H2E 5 ATAL3 RO RHE 3 SR KT
EIL R TE 86.4% ~ 106.4% 2 [d]; RSD £ 2.9% ~
8.2% Z |8, [R5 % R 1 e S PR IR K

RERF EREESHER-BRAREEE-FRRIEENE S EPI DR <175 -

x5 miREmT 3 FOBERAR MR E KRR
EXIRERZE (n =3)
KA, bRk e RSD/

.
RRER k) ke % %
s 35 — 10 86.4 8.2

— 50 88.3 7.4
— 100 90.6 5.2
iniiean| 22.4 10 91.5 7.1
— 50 98.3 4.2
— 100 106. 4 3.7
Ay 37 — 10 97.7 6.9
— 50 95.0 7.3
— 100 102.5 2.9
3 i

ST T SO [ R I s RO £ T — R
SR LI 5 EN G5 e o B R Y 7 ik o IR 7
FE i AR5 35 el B et AT AL AR D 184 T
PR s ORI 704 P LA B 3l AR A B L R
AL BRACR . SRR R R, %07 ik B B (v
WeARIRS R E , T A AR A (AR O B, n] T bR v
T AR I 75 e P BCA BRI e

5% 0k

(1] faregi. guplfboa[ M. Junt . o E 78U iRt , 2009 011,

(2] Z=mépal. Epges e i A R T —— BT RO EN YL IS R I 5T
[D]. Liff: ZRHETF,2008.

[3] Carneiro P A, Umbuzeiro G A, Oliveira D P, et al. Assessment of
water contamination caused by a mutagenic textile effluent/dye-
house effluent bearing disperse dyes[ J]. Journal of Hazardous Ma-
terials,2010,174 :694 - 699.

(4] B GET, AR, S5, (AR R WA €03 - BT 356 ) 43
HrEp ek b O v SO 2 Boge Rk ()] 23 B 4k 2%, 2011, 39
(1):39 -44.

[S] EME, 50, 45, 5T [ AH 23 GR35 R R ST A
MEHEPRYHFLLT]. Ai5,2008,26(3) :353 - 357.

(6] Thum, M, T, 5. M s8eBOr (i — BRI BT 2 [l 0 B A
{0 16 FSURFRIEIARIL T ). S H7L2 2010,38(1) 151 - 56.

[7] Zhang X, Laursen R A. Development of mild extraction methods for
the analysis of natural dyes in textiles of historical interest using
LC-Diode array detector-MS [ J]. Analytical Biochemistry, 2005,
77:2022 -2025.

[8] Barker S A,Long A R, Short C R. Isolation of drug residues from
tissues by solid phase dispersion[ J]. Journal of Chromatography,
1989,475 .353.

[9] Reimer G J,Suarez A. Development of a screening method for five
sulfonamides in salmon muscle tissue using thin-layer chromatogra-
phy[ J]. Journal of Chromatography,1991,555(1) .315.

[10] B/ TEREA. [EARFEIG AR SR M . Juat Rl Rk,
2010.52 -56.

[11] Capriotti A L, Cavaliere C,Lagans A et al. Recent trends in matrix
solid-phase dispersion[ J]. TrAC: Trends in Analytical Chemistry,
2013,43.53 -66. W



