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5~11 2~3
2
2.1
Acquity ( UPLC Waters ) 3200Q TRAP ( LC/MS/MS System
AB SCIEX ).
( =98%) : ( S-phenylmercapturic acid SPMA )
N- e ( N-acetyl-SH benzyl) L-cysteine BMA) .N- SH{1 2- ) L-
( N-acetyl-S{ 1 2-dichlorovinyl) L-cysteine 1 2-DCVMA) \N- SH2 2- ) -
( N-acetyl-S{ 2 2-dichlorovinyl) -L-cysteine 2 2-DCVMA) Toronto Research Chemicals ;
( Phenylglyoxylic acid PGA) . ( Mandelic acid MA) Aladdin Chemistry ;
( Trichloroacetic acid TCA) . ( Methylhippuric acid MHA ) . ( Trifluoroacetic
acid TFA) Sigma o

. DL-S-phenylmercapturic3 3-d, Acid( SPMA-d, CDN Isotopes ); N-acetyl-S{ 1 2-
dichlorovinyl) L-eysteine-* C d,( 1 2-DCVMA-L C d,) . N-acetyl-S{ 2 2-dichlorovinyl) 4-eysteine*C d,

(2 2-DCVMA-LC d,) N-acetyl-SH{ benzyl > C,) <L-cysteine ( BMA-"C,) Toronto Research Chemi—
cals o
N ; ( ) o ( Millipore Synergy 185
18.2 MQ * cm) o : SPMA MA DCVMA
BMA; MHA PGA TCA 1.0 mg/mL o
15 mmol /L. 15 mmol /L
( ) ( 2.2.3 ),
2.2 1
2.2.1 Cs (50 mmx2.1 mm Table 1  Gradient elution program of UPLC
15 mmol /L.
1.7 m Waters ) 40%C Time Flow rate 15 m(;nol/L ammonium Acetonitrile
10 p,Lo 15 mmol/L ( min) ( pwL/min) acetate buffer( %) (%)
0 250 98 2
2 300 95 5
L. 3 300 90 10
2.2.2 ; 5 300 70 30
( Multiple reaction monitoring mode 6 300 60 40
. _ 7 300 80 20
MRM) ; —4400 V; 7.5 300 90 10
400°C; 345 KkPa; 8 300 98
310 kPa; 207 kPa; -10 V, 9 250 98
-10 V; 100 ms,
/ 2,
2.2.3 15 mmol /L ( 10 ~ 100 ng/mlL)
SPMA PGA TCA BMA DCVMA 0.1 0.2 0.5 1 5
10 20 50 100 200 500 ng/mL MA MHA 5 20 50 100 200 300 400 500 600

800 1000 ng/mL 10 pL o



2 /

Table 2 Mass spectrometric parameters for target compounds and their internal standards

Compounds” Pe(ir;n/lz)ion Ddl(l%illl/ezli ion Dcclustel(ir\l]g; potential Cullis(i(;r{/ )cncrgy
SPMA 238 109 42 18
MHA 192 148 45 22
BMA 252 123 -35 20
MA 151 107 -33 14
PGA 149 77 -20 15
TCA 161 117 -20 10
1 2-DCVMA 257 127 =20 10
2 2-DCVMA 257 127 -20 14
SPMAd, 240 109 42 18
1 2-DCVMA-d, 261 127 -20 10
2 2-DCVMA-d, 261 127 =20 14
BMA-C, 258 84 -35 20
TFA 113 69 -20 10

* Full name of the compounds see Fig. 1.

2.2.4 -70°C o
HPLC ( WS/T98-1996) 0.3~3.0 g/L
15000 r/min 5 min 15 mmol /L 10 (
) o
2.2.5 N N N N 12.5 4.05 1.74 25.0
1.20 g 1000 mL 2, 2.2.4 UPLC/
MS/MS o
3
3.1
100 pg/mL 20.0 pL/min
10 o
. MSM 2.
3.2
- Al - AY - Y - 4
- 20 :80 300 pL/min 5 ~20 mmol /L.
o 15 mmol/L
. 45 mmol/L -
20 :80 DCVMA 30 min  TFA 0.5 min
1. 1.
3.3
o 0.3~3.0¢g/L

0.035 ~1.75 pg/L
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Fig.1 Chromatogram of mixed standard solution

1. ( Trifluoroacetic acid TFA); 2. ( Mandelic acid MA); 3. ( Phenylglyoxylic acid
PGA) ; 4. ( Trichloroacetic acid TCA); 5. ( Methylhippuric acid MHA) ; 6.
( S-phenylmercapturic acid SPMA) ; 7. -d,( DL-S-phenylmercapturic3 3-d, Acid SPMA-d,); 8. N-

S A ( N-acetyl-S{ benzyl) L-cysteine BMA); 9. N- S - 13 ¢ ( N-acetyl-S—
( benzyl 3 C4) 4-cysteine BMAL3C¢) ; 10. N— SH{1 2- ) 4~ ( N-acetyl-S<{ 1 2-dichlorovi-
nyl) £-cysteine 1 2-DCVMA) ; 11. N— S{1 2- ) - B¢ dy( N-acetyl-S{ 1 2-dichlorovi—
nyl) L-cysteine'*C  dy(1 2-DCVMABC d;); 12. N- S{2 2- ) - ( N-acetyl-S{ 2 2-
dichlorovinyl) -L-eysteine 2 2-DCVMA) ; 13. N- SH2 2- ) 4- B¢ dy( N-acetyl-S{ 2 2-

dichlorovinyl) 4~cysteine>C d;(2 2-DCVMA-C d;)

10 2%
15 mmol/L
13 pre-SPMA SPMA
SPMA o
15000 r/min 5 min 15 mmol /L 10
3.4
6 2.2.5 50 ng/mL
o 15 mmol /L
( Matrix factor MF) " MHA.MA.PGA MF  95% ~105%
TCA.SPMA.BMA  DCVMA
MF  30% ~40% SPMA.BMA  DCVMA
( TCA 97 %
( Trifluoroacetic acid TFA) ) MF 90% ~
110% o
3.5
3.5.1 15 mmol /L 2.2.3
o SPMA PGA TCA BMA DCVMA 0.1 ~500 ng/mL
MA.MHA 5 ~1000 ng/mL =0.997, 3
10 0.035~1.75 pg/L o
3.5.2 5 ng/mL 6 6d

RSD 1.3% ~5.9%



2.1% ~6.4% -
3.5.3 v~ 3
3 85.0% ~104% .
(RSDs n=5) 1.2% ~9.1% 2.0% ~9.7% .
3 (n=5)
Table 3 Recoveries of spiked samples ( n=5)
Compounds Background Added Detected ~ Recoveries Compounds Background Added Detected Recoveries
PR (ug/l) (pe/l) (pe/l) (%) PO (ng/l) (pe/l) (pe/l) (%)
5 15.1 86.0 4.0 12.3 98.0
SPMA 10.8 10 20.2 94.0 DCVMA 8.4 8.0 16.5 101
20 30.9 101 12.0 19.7 94.2
50 146.9 89.8 200 657.5 95.8
PGA 102 100 203.7 102 MA 466 400 848.6 95.7
200 310.4 104 600 988.3 87.1
10 31.5 87.0 100 260.9 102
TCA 22.8 20 39.8 85.0 MHA 159 200 361.7 101
50 73.6 102 300 471.8 104
20 60.3 99.0
BMA 40.5 40 79.8 98.3
80 121 101
3.6
650 o
p<0.05 Bonferroni
4 . p>0.05
; p<0.05
4 P

Table 4  Statistic analysis of urine samples of pregnant women in different regional

Compounds Shenzhen Nanning Chengdu Fuzhou Shijiazhuang Xi‘an P
SPMA( pg/g. cr) 4.42 3.10 4.59 3.94 3.54 2.39 >0.05
PGA( pg/g. cr) 589 537 641 578 600 655 >0.05
MHA( pg/g. cr) 860 1121 1005 1017 834 831 >0.05
MA ( mg/g. cr) 17.4 21.5 8.86 15.2 30.8 9.63 <0.05
TCA( pg/g. cr) 52.7 23.6 11.1 38.5 30.2 10.3 <0.05

DCVMA( pg/g. cr) 8.30 7.76 7.03 6.28 6.81 10.2 <0.05
BMA( pg/g. cr) 107.9 95.3 133 152 115 90.0 <0.05
MA Y Y Al A
MA 5 ; MA
MA o
TCA AY Al Al Al
TCA ; TCA N N
TCA o
DCVMA N N
DCVMA 3 ; DCVMA N

DCVMA 0
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Determination of Metabolites of Benzene Compounds and
Trichloroethylene in Urinary by Isotope Dilution-Ultra Performance
Liquid Chromatography-Tandem Mass Spectrometry

ZHU Jing' LI Yan' YONG Li® ZHENG Bo' ZOU Xiaodi'' LIU Zhen’
'( Department of Laboratory Technology and Science of Public Health West China School of Public Health
Sichuan University Chengdu 610041 China)
*( Center for Disease Control and Prevention of Sichuan Province Chengdu 610041 China)
*( National Center for Birth Defect Monitoring West China Second University Hospital
Sichuan University Chengdu 610041 China)

Abstract A method for simultaneous determination of metabolites of benzene compounds and
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trichloroethylene in pregnant urine by isotope dilution-ultra performance liquid chromatography-tandem mass
spectrometry was established. Urine samples were diluted 10 times with ammonium acetate buffer containing
working mixed internal standard and the filtrate was injected into UPLC/MS/MS for analysis. UPLC-MS/MS
was performed on Waters C;; column and the gradient elution was used for separation. The negative
electrospray ionization ( ESI) source under the multiple reaction monitoring ( MRM) mode was used for
quantitative analysis. The limits of detection ( LOD) ranged from 0.0350 pg/L to 1.75 pg/L. The inter-day
and intra-day precisions of method were 1.2% -9.1% and 2.0% -9.7% respectively. The proposed method
was applied on detecting 650 urine samples of pregnant women in different region and the results were analyzed
by statistical method. The spiked recoveries were in the range of 85. 0% —104% . The method was quick
sensitive and suitable for batch analysis of urine samples.

Keywords Isotope dilution; Ultra performance liquid chromatography-tandem mass spectrometry; Benzene

compounds; Trichloroethylene; Metabolite; Urinary
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