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Abstract: An ultra performance liquid chromatography—tandem mass spectrometric( UPLC-MS/MS)

method was developed for the rapid determination of 5 artificial sweeteners 6 iodinated X—<ay contrast
agents and caffeinein in various water samples( surface water inflow and effluent for wastewater treat—
ment plant) . The filtered water samples were extracted and purified through HR=X solid phase ex—
traction cartridges and separated on a Zorbax SB—C g column. The determination of analytes was per—
formed under multiple reaction monitoring( MRM) mode using acetonitrile—water( 10 mmol /L. ammo-
nium acetate 0. 01% formic acid) and acetonitrile—water( 5 mmol /L. ammonium acetate 1 mmol /L
Tris) as mobile phases in positive ionization mode and negative ionization mode respectively. The
calibration curves of the target compounds were linear in the range of 5-5 000 wg/L with correlation
coefficients more than 0. 998. The recoveries of the target compounds in surface water inflow and ef-
fluent were all between 70% and 120%  with relative standard deviations( RSD) of 0. 8% —19. 0%.
The method detection limits( MDL) for three types of water samples were in the ranges of 0. 43-13. 8
ng/L  1.80 —34. 8 ng/L and 2. 30-134 ng/L  respectively. The method was successfully applied in
the determination of artificial sweeteners iodinated X—ay contrast agents and caffeine in different ac—
tual water samples collected from a wastewater treatment plant and its receiving river from Guangzhou

city. Except for aspartame iothalamic acid iopromide and iomeprol the other compounds were all
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detected with high concentrations. The established method is accurate sensitive and simple and is
suitable for the determination of artificial sweeteners iodinated X—<ay contrast agents and caffeine in
various environmental water samples.

Key words: artificial sweeteners; iodinated X-ray contrast agents; caffeine; ultra performance

liquid chromatography—tandem mass spectrometry( UPLC-MS/MS) ; water samples
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Agilent 1200 UPLC/6460 Triple Quard MS - ( Agilent
) ( Alllech  ); MTN-2800D ( )
( ACE) . (CYC) . ( ASP) . (SUC) . (DTZ) .
(10D) . ( 10P) . (10M) . (10X) . ( CAF) Dr.
Ehrenstorfer ( SAC) Supelco (ITA) (USP);
: -d4( ACE-d4) . -d5( ASP-d5) -d5( SACS) . -d11( CYC11)
-d6( SUC-d6) . -d6( DTZ-d6) . -d8( TOD-d8) . -d3( TIOP-d3) . -
d3( I0M-d3) . -d5( I0X~d5) Toronto Research Chemicals -d3( CAF-d3)
02si o ( Merck ) . ( CNW )
Tris( Sigma—Aldrich ) Milli-Q -
HR-X (500 mg/6 mL.  Chromabond ); HLB (500 mg/6 ml.  Waters
), (GF/F 70 mm Whatman ), (13 mm X 0.22 pm
)
1.2
100 mg/L
10 mg/L, 10 mg/L 1 mg/L o
o -18 C o
1.3
70 mm GF/F o

( 200 mL; 500 mlL; 500 mL) (
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100 pg/L) o 10 mL 10 mL (4 mol/L
pH 3.0) 5~ 10 mL/min o
2~3 h. 8 mL I mL 0.22 pm
“18 C . 100 L
UPLC-MS/MS 0
1.4 -
- ( ESI)
ESI( -) ESI( +) ( MRM) o
Zorbax SB-Cg( 100 mmx3 mm 1.8 wm) ;40 C : 0.3 mL/min 0 20 Lo
ESI( +) A (10 mmol/L 0.01% ) B L0~ 6
min 2% B; 68 min 2%~ 60% B; 813 min 60% B; 1318 min 60%~2% B. : 350 °C;
10. 0 mL/min; : 206.9 kPa; : 200 V. ESI( -) A
(5 mmol/L 1 mmol/L Tris) B o 03 min 5% B; 35 min 5%~
90% B; 516 min 90%-5% B. 350 C; : 6.0 mL/min; © 344.8
kPa; 200 V.
Opitimizer ( Agilent ) /
( Fragmentor) ( Collision energy) o
|
1 UPLC-MS/MS
Table 1 Mass transitions and retention times for target compounds in UPLC-MS/MS
Retention Precursor Product ions Fragmentor Collision .
Compound . . . Corresponding 1. S.
time( min) ion( m/z) (m/z) voltage( eV) energy( eV)
ESI positive mode
DTZ 4.19 631.8 360.9°  233.1 105 24 48 DTZ-d6
ITA 4.68 614.8 360.9"  177.0 160 20 52 DTZ-d6
10D 5.08 777.9 558.8"  387.0 170 20 40 10D-d8
10X 9.56 821.9 803.8"  602.8 165 16 24 10X-d5
10M 9.60 771.9 405.0°  686.7 160 44 20 I0M-d3
10P 9.76 791.9 572.9"  558.8 170 20 28 10P-d3
CAF 10. 14 195.1 138.17  42.1 120 16 40 CAF-d3
DTZ-d6 4.10 637.8 367.0°  620.7 105 24 8 -
10D-d8 4.98 785.9 562.9"  690.9 140 20 12 -
10X-d5 9.56 826.9 808.9"  607.9 155 20 24 -
10M-d3 9. 60 780.9 408.0°  689.7 145 44 20 -
10P-d3 9.75 794.9 575.9°  561.9 170 20 28 -
CAF-d3 10. 13 198. 1 138.1°  110.1 105 16 20 -
ESI negative mode
ACE 1.67 162.0 82.1° 78.0 80 12 32 ACE-d4
SAC 2.10 182.0 42.1°  106.0 115 32 12 SAC-d4
CYC 2.45 178.1 80.0°  95.9 110 24 20 CYCI1
SuC 6. 64 395.0 3517 359 115 4 4 ASP-d5
ASP 6.53 293.1 261.17  200.1 110 0 4 SuUC-d6
ACE-d4 1.63 166. 0 86.1° 78 85 8 32 -
SAC-d4 2.07 186.0 42.1° 105.8 100 24 16 -
CYCI1 2.37 189.1 79.9" 150 32 -
ASP-d5 6.53 298.1 266.0° 205 120 0 4 -
SUC-6 6. 64 401.0 35.17 365 105 4 4 -

* quantitative ion; I.

S.:

internal standard
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ITA. DIZ Fig. 1 Total ion chromatograms( TIC) of mixed
ASP pH 3.0 (2 standard solution( 100 wg/L)
pH 3. 00
2.3 140 e
=, H 7.0
N 5 10 50 wo—-—__— T
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T 80 7
100 pg/Lo : - -———F ol —
= 601
(X pg/L) . 20
55 000 pg/L oLl L 1AL TEh AL 1ER T 1A (G L IR I
N ACE SAC ASPSUC CYC ITADTZ 10D 10X IOM IOP CAF
(r’) 0.998 80.999 9.
2.4 . 2o
) A Fig. 2 Absolute recoveries of target compounds under
N various pH values
N 70. 1%~ 117%+ 72.9%~117%  71. 7%~ 119%
( RSD) 20% » UPLC-MS/MS 3
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~

(MDL) 10
MDL

1.45-45.8. 6.02-116. 7. 67~445 ng/L.

Table 2 Recoveries

2

matrix effects

(R) . .

of target compounds from surface water

(MQL) .

24

0.43~13.8. 1.80~34.8. 2.30~134 ng/L. MQL

method detection limits( MDLs) and method quantification limits( MQLs)

Compound Added 100 ng/L Added 500 ng/L Added 1 000 ng/L ME MDL MQL
RI% RSD/% RI% RSD/% RI% RSD/% (%) (ng/L) (ng/L)
ACE 97.3 15.0 102 8.2 113 6.6 111 1.93 6.45
SAC 90.1 10.7 110 5.0 117 6.5 84.9 3.21 10.7
ASP 77.8 4.3 86. 8 3.5 103 9.4 97.5 3.15 10.5
SUC 91.1 4.9 101 4.5 95.3 0.9 106 13.8 45.8
CYC 75.2 6.0 87.3 14.5 85.8 2.3 63.0 0.43 1.45
CAF 90.9 1.2 94.1 2.7 94.7 2.5 77.9 3.15 10.5
ITA 70. 1 3.0 91.3 3.2 88.2 8.5 115 1.07 3.55
DTZ 118 3.5 94.7 4.2 94.0 3.7 112 0.55 1.85
10D 86.0 10.3 88.9 7.2 90. 6 5.8 87.9 3.06 10.2
10X 85.0 3.1 77.2 7.5 89.3 8.5 120 4.52 15.1
IOM 90. 4 8.6 93.4 6.0 103 3.9 91.7 0.70 2.32
10P 91.9 3.0 92.8 7.3 108 8.9 91.0 2.02 6.74
3 N N
Table 3 Recoveries matrix effects MDLs and MQLs of target compounds from effluent
Compound Added 500 ng/L Added 1 000 ng/L Added 2 000 ng/L ME MDL MQL
R/% RSD/% R/% RSD/% R/% RSD/% (%) (ng/L) (ng/L)
ACE 115 7.2 113 6.5 117 16.0 78.3 5.18 17.3
SAC 85.9 8.0 88.3 3.0 89.6 5.1 98.2 17.9 59.6
ASP 88.2 9.4 85.7 13.3 106. 5 11. 4 92.9 29.8 99.2
SuC 95.6 4.3 96. 2 16.0 98.9 3.9 115 34.8 116
CYC 116 16.3 88.5 12.8 108 13.6 105 5.27 17.6
CAF 77.2 3.1 94.3 7.6 92.3 3.3 86.7 4.43 14. 8
ITA" 76.2 7.1 94. 4 7.4 91.9 6.2 112 2.79 9.30
DTZ" 72.9 0.8 90. 2 2.6 92.9 5.0 113 1.80 6.02
10D” 78.5 3.1 84.0 3.8 89.3 3.5 160 2.88 9.62
10X" 90.9 4.5 84.1 7.6 79.2 7.0 117 9.17 30.6
I0M” 90.1 4.6 105 6.1 77.6 1.8 94. 4 4.37 14.6
10P” 90. 4 8.2 87.7 10.2 94.8 8.8 102 8.70 29.0
* indicated that the spiked concentrations were 100 500 1000 ng/L  respectively
4 N N
Table 4 Recoveries matrix effects MDLs and MQLs of target compounds from influent

Compound Added 2 000 ng/L Added 5 000 ng/L Added 10 000 ng/L ME MDL MQL
RI% RSD/% RI% RSD/% RI% RSD/% (%) (ng/L) (ng/L)

ACE 110 6.3 101 8.0 109 10.7 104 8.52 28.4
SAC 82.8 5.7 87.1 5.8 106 3.0 101 28.0 93.5
ASP 115 9.6 119 2.1 114 8.6 106 39.7 132

SUC 107 15.1 107 7.9 98.6 19.0 124 134 445
CcYc 85.4 5.8 87.6 0.9 85.6 19.0 89 6.33 21.1
CAF 91.0 9.1 107 4.1 106 10.0 104 11.4 38.2
ITA 96. 1 3.0 98.4 9.5 103 8.1 118 3.61 12.0
DTZ" 76.9 5.9 89.9 3.3 93.2 2.6 94.5 2.30 7.67
10D 82.5 5.7 86.5 9.5 89.8 5.2 109 3.54 11.8
10X" 83.7 6.7 71.7 2.2 73.4 1.0 112 15.9 52.9
IOM” 74.8 7.9 73.6 3.6 87.9 13.6 80.3 8. 04 26.8
10P” 98.9 1.2 90. 3 18.5 101 7.2 85.7 10.9 36.4

* indicated that the spiked concentrations were 100 500 1000 ng/L  respectively
( ME) ME= (C,-
C\) 1Cqyy X100%. C. Cy
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. ( CYC 65%) . ( SUC  124%)
(10D  160%) ( 70%-120%) .
2.5
ASP ITA IOM I0OP 8
ACE SAC SUC  CAF we/l (5).
5
Table 5 Concentrations of target compounds in different water samples (ng/L)
Compound Influent Effluent Upstream Downstream
ACE 4 336 2 064 9 870 8 082
SAC 829.4 17.97 3 860 2412
CYC 630.9 52.62 22.40 23.81
SUC 2 854 2252 1 566 2197
DTZ 20.93 22.75 16. 94 21. 19
10D 58.11 49. 95 67.12 74. 35
10X 49. 83 = 60. 46 56. 50
CAF 909.0 11. 84 8 586 6 245

* no detected

3
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