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Fig.1  Chromatograms of target compounds by GC — MS/MS
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Fig.2 Comparison of average extraction recovery for target compounds by different solvent
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W IR A An E TAE R IE & e 7 B 5 ~ 200
ng/ mLAS [FR]¥e BE 01 TR, %5 58 07 125 I 4R P9 TRl AR
KRB WEEEIER D, TES. 0g 25 1 P BT
IRz 0.5.5.0,10. Ong/g i A hn HEF R, 15 BRI
AJE W LS TR AL B, BV BE KT O RE S AT
T WS S, R AR BRI 265 H AR &
HEATRE B3, THER RIS AR X B v e 22 (RSD)

HARNLER 3, WTLUE & BARb S P F 34 iR
JEEN 70. 6% ~ 121. 5% , [A WK Y RSD 15 [
0.97% ~14.6% ; £5 75 7K R A 97 247 Tl fig 52
JEE R 81.5% ~106. 1% o AR e (RIS K - ()30
FERUE , 4% IR EPA 7 7 it A5 O AR R R
MDL=sxt(n-1,1-a=0.99),s N n IR E
WA Em 25 0 9 B A n — 1 B9 Student” s
HE 1 — a i BAF KV, n oy 3500 58 B0 AR A i 2

2 EARBPRFRT B AR E ISR K5
Table 2 Effect of different purification adsorbents on extraction recovery of target compounds
H b4 R (% )
&Y s GC g .
FF ) K 120.3 86.3 85.6 87.5 83.7 103.5 101.9
BEF R 128.1 93.5 91.9 106. 8 104. 4 95.6 96.6
WA 126.9 94.9 92.9 114.8 104.9 96.2 97.4
TR 97.6 99.1 96.4 129.5 112.3 97.5 97.8
ZHREE - djs 106.3 81.7 81.9 84.1 98.1 104.6 103.2
SEETA) B 171.0 97.6 99.1 107.0 112.7 9.8 97.2
FE R - 98.2 100. 3 106. 6 114.9 99.7 100. 6
— SRR 120.7 9.4 89.2 63.3 99.8 93.1 94.8
3 — IR R - 111.3 131.4 93.7 126.8 86.6 83.7
B - d; 203.8 88.1 92.5 138.1 102. 1 104.3 105.5
w2 B 3168. 1 88.8 92.4 100.3 97.4 97.3 98.1
AL B 109.9 103.4 104.0 67.5 94.6 103.7 103.9
VA 127.8 101.5 110.9 91.9 103.8 9.1 93.5
LN g - 127.9 123.8 1000.2 113.9 81.4 86.2
B 5 224.4 116.6 108.6 82.4 125.3 95.8 95.9
BT - 109.1 107.8 115.9 123.0 99.4 101.7
W - TR AR, TR,

3

for target compounds

HERYnIE eI ADG R B AR PR f 2 PRI B J7 AR R

Table 3  Linear range, correlation coefficients, relative standard deviation (RSD) ,

average recovery and detection limit of the method

o LR FHIE REL PRI (% ) AR R HER 2 (%0 ,n =T) R R
a (ng/mL) (R) 0.5ng/g 5.0ng/g 10.Ong/g (ng/g)
TF E] KR 2 ~200 0.9977 121.5 4.80 101. 1 2.94 70.6 2.34 0.09
[il) s 2 ~200 0.9980 98.5 8.56 92.7 2.16 85.3 0.97 0.13
W i 2 ~200 0.9980 97.1 8.89 93.6 1.81 84.7 1.31 0.14
T 2 ~200 0.9960 86.2 11.8 95.6 5.08 85.7 4.50 0.16
LAY A 2 ~200 0.9981 97.8 8.20 93.9 1.78 90.7 3.29 0.13
fE IR 2 ~200 0.9981 118.3 5.00 97.2 2.86 84.8 2.36 0.09
THIORR A 2 ~200 0.9983 94.4 12.6 88.9 6.92 84.0 3.02 0.19
3 - B LR+ b A 10 ~200 0.9978 84.4 14.6 109.6 8.55 88.2 10.9 1.93
I 20 B 2 ~200 0.9982 97.9 6.43 94.8 1.43 80.8 3.64 0.10
AL 2 ~200 0.9959 101.2 8.01 101.2 5.00 90.0 5.03 0.13
Tk B A 2 ~200 0.9975 91.4 9.00 91.0 3.10 87.8 3.29 0.13
He I P g 2 ~200 0.9986 95.8 11.8 80.3 5.52 109. 4 6.33 0.18
B A5 2 ~200 0.9974 84.8 7.23 94.3 3.18 116.5 5.09 0.10
BEE T 2 ~200 0.9984 94.0 7.50 97.2 1.98 9.1 4.97 0.11
THZRE - dis - - 92.9 9.47 9.6 6.05 81.5 19.5 -
A - d, - - 106. 1 2.62 100.9 1.40 82.7 9.65 -

AT FREIMAKF- 4 5.0,10.0.,20. Ong/g,
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(n=T7M#K=3.143), Jrikk th FR{% RS 5] 7y
SN A AL 0. 10 ~0. 19ng/g, ZHEEAF 0. 09 ~
0.14ng/g, RIEFH 0. 11 ~1.93ng/g, AR LE Y
TURW T N C8 U 1 20 7 vk 5 & R R STk
T A R 3 40 T LU 1 3Cik B T TD Jz
SPME HEAEREAT 7 i R 8 e, Hoar o My vk
(R H BRAE 0. 03 ~0. T2ng/g Z [6] o AT 517
PR RER T 3 - HIERR - FOBEHR 4 1. 93ng/g S,
HARABYIIITE0.09 ~0. 19ng/g Z (8], R AT i
TEAF I P30 o 5 S s R Oy T B — e i, B
sRz~ G ONGIE

4 RN H bR o B T i R AR b
Table 4  Comparison of detection limit of the method for target

compounds in different samples

TR (1)

BT " IibigE LR | 2%
RIS 20 Gk K3 f (ng/g) ik
13 5 2 SE-GC-MS | 0.03~0.33 | [18]

R Nioi 2 - MAE -GC -MS | 0.66~0.72 | [19]

RS | S 2 ASE-GC-MS | 0.25~0.33 | [20]
1 2 - ASE -GC -MS |0.19 f10.295 | [21]
1508 - - SPME - GC - MS | 0.010 ~0.025 | [25]

HRUEY | 6 - SPME -GC -MS| 0.04~0.1 | [26]
15l 5 SPME - GC - MS | 0.049 ~0.611 | [27]
SBSE -TD -
14 01 ~1.
+i% 6 2 CC_VS 0.01~1.1 | [28]
- SBSE —~TD -
5l 6 3 4 CC VS 5~30 [29]
; ASE-GC - 0.09 ~0.19 FiI
P .
UL 6 5 3 MS/MS Loy | Rk

2.6 EhRFEA BT

R T AT B T SR AR % 20 A4
KB EISELE W DPURRYRE A T o R
P 28 RS (1.2 797) 42 BB SR R 20y HL 45 SR g
AN R, A bR R TRk R S L
62.8% ~119. 1% , B A4y 101 235 B K 68. 2% ~
83.0% o SEBRFE SR IN 25 53 3% 5, M4 e i H 1 Ak
JES A G R e IR B 75% | AEDURRY) & YL R
0.09 ~0.40ng/g, HUCR M 94 B 4 16 Hh 3K
15% fs tH e 0. 11 ~ 0. 20ng/g, AR B Al
9 85 A 09 A Tk BE AR L R R Al b 1X, i e
(1.5~32.3ng/g.2. 0 ~ 21. 9ng/g) "™, 5 JH Jif
(3 ~78ng/g.2 ~ 31ng/g) ** YL AE &l 14 Wk 1 4
I, SRR BT WA i b v 2 (0. 812ng/g
0.476ng/g) AT . LA I% I T AE IR BT K
R BE AR, (5 THZ 2R B A A ) 2R, )i
ZE RN E

%5 FPRUURPIRE TN LA BB A RAS

Table 5  Analytical results of synthetic musks in real sediment

samples
v Fit(ng/g) v Fit(ng/g)
ﬁﬂﬂ ﬁﬂﬂ
pe  AEREE mARE || pe  EREE HERE
(HHCB) (AHTN) (HHCB)  (AHTN)
1 0.17 0.11 11 - -
2 0.17 - 12 0.18 -
3 0.09 - 13 0.12 -
4 0.40 0.20 14 - -
5 - - 15 - -
6 0.36 0.16 16 0.10 -
7 0.21 - 17 0.09 -
8 0.09 - 18 0.19 -
9 0.09 - 19 - -
10 0.21 - 20 0.12 -
i:‘
3 e

ASSCEEST T BRI i b B 7R A2 R — TRk
FLIT4E & GC - MS/MS PR G I 14 Ff A L5 i
B AT %, HAR AL SRR 1 6 25
B S AR A A 3 DRI R A, - X s n [l
HHNT0.6% ~121.5% 14 Ffl G Wi Iy kA i B
BT 3 - WEFR-F TR 1. 93ng/g Sb, HAHI 1
0.09 ~0.19ng/g Z ],

TR ASE I, LERE b 5 3R ] g i
BRI EA T R ¥ Ak, i AL B FR AT PR, B S AR AR
B BEMRE AU 2 20mL B AT LY ) 8 RE 52 8N
1, 9D A B R B T BEAR TN T A A
SR R IBR B0 335 12 R A P L R M, Oy 1 B R
B R T HE o 280 SEBR BT BIE , R W27 A RE
T 2 33 DU R B AR S ARSI 75K, I 4 Ja A
A RS A R A AR L B A B R SIS
VERTF AR T TR S
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Research on the Determination of 14 Synthetic Musks in Sediment Samples
by Gas Chromatography — Tandem Mass Spectrometry with Accelerated
Solvent Extraction

TONG Ling, TIAN Qin, YANG Zhi — peng, PAN Meng
( National Research Center for Geoanalysis, Beijing 100037, China)

HIGHLIGHTS

(1) A method for the rapid and simultaneous analysis of 14 typical synthetic musks in sediments was established.

(2) The pretreatment method of online purification with ASE extraction is more environmentally friendly and faster
than existing methods.

(3) The GC — MS/MS technique applied for analysis of sediments with complex matrices more sensitive and

reliable than existing methods.

ABSTRACT L
— Diatomite
BACKGROUND: In recent years, the pollution of iy Extraction

?ﬁ:‘ﬁ — Sediment
S, 1gSAX
= ™ 04g GCB

Concentration @

attention from scientists. The analytical technology of . 5 Injection

f <=

synthetic musk in the environment has increased. This

kind of material has potential carcinogenic and

environmental hormone effects and poses a threat to

human health. Therefore, it has attracted increasing

synthetic musk in environmental samples such as water

and soil has developed rapidly. The concentration of
synthetic musk in sediments has reached several GC-MS/MS analysis

thousand ng/g, but the methods for the simultaneous

extraction and purification and rapid analysis of various types of synthetic musk in complex matrices of sediments
are yet to be studied.

OBJECTIVES: To establish a rapid method for the analysis of 14 typical synthetic musks in sediment samples by
accelerated solvent extraction ( ASE) combined with gas chromatography - triple quadrupole tandem mass
spectrometry (GC — MS/MS).

METHODS: Accelerated solvent extraction was used for sample preparation. The ASE cell was filled up with
sorbent (0.4g GCB combined with 1.0g SAX) and 5. Og sediment samples. The sample was extracted in two cycles
with mixed solvents hexane — acetone (V/V,4 : 1) at 80°C. After preconcentration, the extracted solution was
determined by GC — MS/MS.

RESULTS: The linear range of this method for fourteen target compounds ranged from 5Sng/mL to 200ng/mL. The
average spike —added recoveries ranged from 70.6% to 121.5% , the relative standard deviations (RSD, n =7) were
0.97% —19.5% . The recoveries of surrogates were 72. 2% —116. 8% . The detection limits of the method were
0.10 -0. 19ng/g for nitro musk, 0.09 —0. 14ng/g for polycyclic musk, and 0. 11 —1.93ng/g for macrocyclic musk.
CONCLUSIONS: This method can satisfy the analysis of musk in sediments with complex matrices.

KEY WORDS: synthetic musks; sediment; gas chromatography — triple quadrupole tandem mass spectrometry ;

accelerated solvent extraction; complex matrices

— 596 —



