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Determination of Synthetic Musks and Organophosphate Flame
Retardants /Plasticizers in Solid Phase by Ultrasound-assisted
Extraction Coupled with Solid Phase Extraction
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Abstract: A rapid method was developed for the simultaneous determination of synthetic musks and
organophosphate esters ( OPs) in sediment/sludge based on ultrasonic-assisted extraction solid
phase extraction( SPE) and the subsequent analysis by gas chromatography — mass spectrometry( GC
— MS) . In this study different solvents were investigated and optimized and thus acetone and ace—
tonitrile — water( 1 : 3) were chosen for the extraction of analytes. Two potential factors( the matrix
effect and aging effect) influencing recoveries of the target compounds of the analgtes were also stud—
ied. Under the optimized conditions 13 analytes including 9 widely used OPs and 4 synthetic musks
were extracted and analyzed and the results indicated that acceptable recoveries of the analytes were
achieved in the range of (27% +12%) —(117% £9%) from sediment sludge and pre-extracted
sediment at different spiked concentrations.
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Table 1  Information about 13 target compounds *
Water solubility ~ Vapor pressure
Compound Abbreviation CAS No. logK,,,, ( ) ( )
p/(mg+L"")  (mm Hg)
Triethyl phosphate( ) TEP 78 =40 -0 0. 80 5x10° 0.393
Tripropyl phosphate( ) TPRP 513-08 -6 1.87 6 450 4.33x1073
Tributyl phosphate( ) TBP 126 -73 -8 4.0 280 1.13 x10?
Triphenyl phosphate( ) TPHP 115-86-6  4.59 1.9 6.28 x10 ¢
Tritotyl phosphate( ) TTP 1330 -78 -5 5.11 0.36 6.00 x10 77
triso{ 2-Butoxyethyl) phosphate( ) TBEP 78 =51 -3 3.75 1 100 2.50x10 7%
tris{ 2-Chloroethyl) phosphate( (2-) ) TCEP 115-96 -8 1.44 7 000 6.13 x10 2
tris{ 2-Chloropropyl) phosphate( (2-) ) TCPP 13674 -84 -5 2.59 1200 2.02x107°
tris{ 1  3-Dichloropropyl) phosphate( (1 3- ) ) TDCPP 13674 -87°%  3.65 7 7.36 x10 %
Galaxolide( ) HHCB 1222 -05 -5 5.90 1.75 5.45x107*
Tonalide( ) AHTN 1506 -02 -1 5.70 1.25 5.12x107*
Celestolide( ) ADBI 13171 -00 -1 5.93 0.22 1.44 x10~*
Phantolide( ) AHMI 68140 -48 -7 6.31 0.09 6.83 x10 73
11-12
( . 13-14 )
( Multixenobiotic resistance MXR)
15
7 OPS ~ 16 ;
OPs R - (1:3)
OPs (TBP) . (2- ) (TCEP) . (2- )
( TCPP) ., 8 .
(TOC) e
17 19
9  OPs " (
) OPs
1
1.1 N
Oasis HLB(200 mg 6 mlL) Waters ; 2300T (
); Anke - GL -10B ( ) o
: ( ) ( Burdick & Jackson )
N ( Merck Co. ). 9  OPs ( Sigma — Aldrich ): TEP(99.8%)
TPRP(99%) TBP(99%) TPHP(99%) TCEP(97%) TBEP(94%) TTP(90%) TDCPP(97%)

TCPP(99.5%) . 4
(98%) d12 - TCEP(98%)
(97.5%) (HMB  99.5%)

Ehrenstofer — Schiifer Bgm — Schlosser

) o

d15 - TEP(99.1%) . d27 - TBP(98%) . d15 — TPHP
C/D/N Isotopes

d15 - MX

o



1.2
50 mL 5 30 min
(25 +2) °C; 3000 r/min 10 min - (1:99)
OPs N s . Oasis HLB 3 mL
3mL . 3mL - (1:99) SPE
5 ~10 mL/min; 3 mL - (1:99) ;
GC -MS o
1.3
2010 GC - MS TG -5 MS( Thermo Scientific 30 m x0.25 mm x0.25 um) ., EI
220 C 290 C 300 C. I pLo
1 mL/min. : 70 C 2 min 10 °C /min 160 °C 5 C /min
305 C 15 min.
1.4
( / ) ( )
—(C.-C,) ICy x 100% C. C,
c, .
2
2.1 N
16
( SIM) 2.
2
Table 2 Qualitative ions quantitative ions and instrumental detection limits( IDLs) of target compounds
Quantitative ion Qualitative ion B )
Compound IDL( ng/mL, P Prx
P (m/z) (m/z) (ng )
TEP 155 99 0.19 0.999 7 0.999 0
TPRP 99 125 0.41 0.999 9 0.999 1
TBP 99 155 0.94 0.999 8 0.998 6
TPHP 325 326 0.20 0.999 4 0.999 3
TTP 368 368 0. 06 0.999 0 0.998 8
TBEP 199 299 1.02 0.998 1 0.997 0
TCEP 249 143 0. 84 0.999 3 0.998 2
TCPP 277 279 3.13 0.999 4 0.998 7
TDCPP 379 191 1.21 0.999 1 0.999 0
HHCB 243 258 0.20 0.998 9 0.999 2
AHTN 243 258 0.27 0.998 8 0.998 9
ADBI 229 244 0.36 0.999 4 0.999 4
AHMI 229 244 0. 40 0.999 1 0.999 0
* the linearity of target compounds in n-hexane( ); * * the linearity of target compounds in matrix(
)
0.025 ~5 pg/mL
() 0.9981~0.9999( 2). 7 ( RSD)
1.0%~5.0% ; (S/N) * (IDL)

0.06 ~3. 13 ng/mL.
2.2
OPs (logK 0.8~5.93) NE

17 17 22 -23

ow
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- (1:3)3 13 (n=3) 10
L 10 pg/mL (n=3)
10 pg/mL 5 10 pLo
1 N N - 5
+ ( ) (35% 4% ~(112% +13%) . (2% +
1%) ~(85% +9%) (9% +53%) ~(82% +28%) - OPs
o TEP ( <40%)
TEP (3% +1%) ; TCEP(9% +26%) TCPP(20%
+17%) ; - TCEP TCPP (
(82% +14%) (70% +4%)) TTP (50% +£31%) ; TCEP
(46% =5%) - TTP(70% +14%) . TPHP(90% +2%) TDCPP
(91% £12%) - TBEP  TTP 0
3 (47% +43% ~T73% +6%) (44% 6% ~57% +
13%) -
140+ 1 Acetone O Ethyl acetate @ Acetonitrile—water(1:3)
120
100
N
_ 807
:::

A TIIEIIEES

s

FFTFFFIIFIFFi s =

B

EETETIIETETETTFFEES

DCPP

(15% +9%) ~ (90% +1%)

ok i i i i
TEP TPRP TBP TBEP T
Compound
1 3
Fig. 1 Recoveries of analytes using different extractive solvents
] o A
- ; C + .
5 mL -
2 o
+ - 5
(19% +12%)~(92% +1%) ; +

(13% +5%) ~(92% +4%)

TCEP
- TEP

2.3

Alexander

12

24

o (n=3)

S

+ - 5
(17% +12%) ~(95% +=8%)
0 + -
; +
24 h; (n=3)

o

5 (25% +6%) ~(90% +2%) ;



(31% +10%~97% +2%) (30% +10%~92% +1%) .

o

o

1204 B Acetone+acetonitrile-water(1:3), DAcetone+acetone+acetonitrile—water(1:3)

O Acetone+acetone

1004

80
X
~ 607
[=~1
407
20
TEP 'IH"RP ITBP ITBEI" ITCEI" 'II‘CPP 'II‘PHP ITTP 'II‘DCPPI IADBI IAHMI IHHCBIAHTNI
Compound
2
Fig. 2 Recoveries of analytes using conbined extractive solvent
2.4
/
( ) 20 ng/g. / (
) 40 ng/g.
(25% +6%)~(95% +4%) (35% +10%) ~ (81% =
7%) . (30% +8%~92% +1%)
(27% +15%~93% +3%) ( 3):
o TEP TEP
; AHMI  HHCB o
140+ B Spiked sediment samp]e(iﬁ*ﬂ%bﬂ*j‘)
D Spiked sediment matrix sample(ITA) e FINFR)
1207 @ Spiked sludge sample(75 U2 ITAR)
100 B Spiked sludge matrix sample(Y5 83 FIIHR)
§ 80+
5~
60
40
204
0 . N
TEP TPRP TBP TBEP TCEP TCPP TPHP TTP TDCPP ADBI AHMI HHCB AHTN
Compound
3

Fig. 3 Matrix effects impact on recoveries of target analytes
( Pre-extracted)
° 13 0.025 ~5 pg/mL
() 0.9970~0.999 4( 2).
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2.5 3 (n=3)
5 Table 3  Recoveries of target compounds in spiked sediment( n =3)
g
Average recovery = RSD( %)
( 4 ng/g) N Compound 4 ngl/g 20 ng/g 40 ng/g
(20 ng/g) (40 ng/g) TEP 332 3010 2712
3 TPRP 102 £1 84 13 91 £2
° TBP 117 +5 921 97 £2
5 (24% = TBEP 102 £2 8213 99 +6
10%) ~(105% =2%) 9  OPs TCEP 117 £9 80 +9 98 +3
TCPP 81 14 85 +4 97 £3
(27% +12%) ~ (117% +9%) TPHP 101 +12 84 +7 95 +10
TTP (68% +3%) ~ TTP 74 10 68 +3 79 £ 10
(79% +10%) 4 TDCPP 105 + 14 85 +3 98 +11
- ADBI 86 +3 73 £5 861
(73% £5%) ~(112% +6%) - AHMI 89 +3 74 x4 88 +1
OPs HHCB 112 £6 8211 87 +1
AHTN 94 1 73 +4 90 +2
2.6
8 6
( 1~2) . ( 3~4) ( 5~6) 2
. (13% +6%) ~
(103% +7%) -
4 13 OPs 0.10~1.79 ng/g
0.04~2.79 ng/g OPs TBP TCPP  TBEP e
13 OPs 1.45 ~70.53 nglg 0. 10 ~
546. 80 ng/g. 4 TBEP  (70.53 ng/g)
3 TPHP  (56.37 ng/g)
o TEP TPRP  TTP 5 OPs LOD~3.18 ng/g 4
LOD ~0. 86 ng/g( 2) .
4 (ng/g)

Table 4  Contents of target compounds in sediment and sludge( ng/g)

Sample TPRP TBP TBEP TEP TCEP TCPP TPHP TTP TDCPP ADBI AHMI HHCB AHTN

Sediment sample 1 ) 0.10 2.69 0.72 0.20 1.11 1.84 0.54 0.07 0.52 0.05 0.04 0.46 0.26
) 0.37 1.79 0.54 0.16 0.17 0.8 0.20 0.18 1.42 2.79 0.17 1.20 1.23
) 7.37 5.36 895 827 10.09 17.60 56.37 2.01 2.14 0.16 0.10 13.53 26.52

4) 24.45 42.81 70.53 14.34 17.09 13.07 13.02 1.45 4.02 6.41 1.34 546.80 439.12
)

)

Sediment sample 2
Sediment sample 3
Sediment sample 4
- 0.85 LOD - 3.18 1.00 LOD - LOD LOD LOD 0.51 0. 86

- 0.74 2.76 - 2.45 0.80 LOD - 0.3 LOD LOD 0.73 0. 86

1) 39.87 27.68 49.99 21.20 18.00 15.50 29.89 16.68 10.84 56.35 111.122875.891 478.71
2) 9.27 3.36 17.70 8.03 2.97 20.33 8.75 3.52 3.34 43.57 157.96 2 091.16 928.12

Sediment sample 5
Sediment sample 6

Sludge sample 1

~ =N A = =X = =

Sludge sample 2

- no detected; LOD: limit of quantification

13 OPs 2.97 ~49.99 ng/g 43.57 ~
2 875.89 ng/g o

3

- Oasis HLB .

1 Van der Veen I de Boer J. Chemosphere 2012 88(10) : 1119 —1153.
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