(1. , 100050 ; 2. , 110005)
4 ac- MS
, Bxtrdut NT
, , DB-5 ,

(s19 20 500 pg (r>0.999) 3- -1.2
- (3- MCPD) 1,3- (1,3-DCP)  2,3- (2,3- DCP)
0.003 0.005 0.005 mg/kg;3 6 98.8% 115%
75.0% 119% 93.6% 132%, 6.99% 16.2% 3.80% 9.25% 7.07%
10. 4 % ,

- (/M9 ; ;

Deter mination o dichlor opr opanals and monochl or opr opanedials in soy sauce by capillary
gas chromatography/ion trap mass spectrometry using stable isotope dil ution technique
Fu Wusheng Wu Yongning Zhao Yurfeng Maldinbo Zhang Qi
(National Ingitute for Nutrition and Food Sfety , Chinese CDC, Beijing 100050)

Abgract : Objective A method was developed to determine 3 chloroproparols in 0y sauce by cepillary gas
chromatography coupling with ion trgp mass goectrometry usng sable iotope dilution technique. Method
Sanple was giked with deuteriumrlabeled i otope internal gandards (19 , extracted by matrix solid-phase dis
perdon (MSFD) combined with solic-phase extraction with Bxtrelut NT and derivatised with HFBI reagent.
The 3 chloroproparnol s could be well separated at programmed tenperature in DB - 5MS capillary column and
determined by sdective ion sorage (SIS) nmode. Result A good linear relationship between the amount and
area ratio of chloroproparols with IS was obtained over the concentration range of 20 500 pg with correlation
codficient of 0.999. Limitsof quantitation (LOQ) of 3-chloro-1, 2 - propanediol (3 - MCPD) and dichloro-
proparols (1, 3 - DCP, 2, 3 - DCP) were 0.003, 0.005 mg/kg, regectively. The recoveries of 3 -
MCPD,1, 3-DCPand2, 3- DCPwere 98.8% 115% 75.0% 119% 93.6% 132% (n=6)
for the 0y sauces Piked at three different levels, regectively ; the rdative sandard derivation were 6. 99 %
16.2%,3.80% 9.25% 7.07% 10.4% (n=6) for 3- MCFD, 1, 3- DCPand 2, 3- DCP, re-
ectively. Conclusion The Smultaneous segparation and determination of 3 chloropropanolsin sy sauce with
two kinds of gable itopes as internd sandard were developed with satifactory sengtivity , accurate , preci-
don and ecifity.

Key Words: Gas Chromatography - Mass SJoectrometer ; Chloropropanols; Gondiments
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L 3
- -12- (3- chloro - 1,2 - propanediol , 3
-MCPD) 2- -1,3- (2- chloro- 1,3-
propanediol ,2 - MCPD) 1,3- -2

- (1,3 - dichloro - 2 - proparol , 1,3 - DCP)

2,3- -1- (2,3 - dichloro - 1 - propamol ,2,

3-pcp) M 3-MCAD 1,3- DCP WHO/
FAO (JECFA)
[t 3- MCPD
(1) 2pgkgsw, 1,3- DCP
I 3-MCPD 1,3
- DCP (HVP)
HVP ,
, 3- MCPD 1.0 mg/kg,
20U g/kg,
3l 3- MCPD ,
,[4]
@B 5009. 191 —2003 ts)
(1,3-DCP 2,3- DCP)
3- MCFD ,
Lo Chung , (7] & - 3
- MCPD, 3 ,
& - 3- MCPD ,
4
-3-MCAD - 1,3-
DCP
4
1.1
( Fisher ),
(105 3h ), Bx-
tredut™ 20 ( Merck ),
(HBI Herce) ,3 - MCPD (Aldrich) , 1,3 -
DCP 2,3- DCP(97.0% Huka) ,d - 3- MCMPD
(98% Iotec) ,05 - 1,3- DCP(98% CIL) ,
, : (>99.999 5 %)
3-
MCFD 1,3 - DCP 2,3 - DCP
(1000 mglL) , ( )
(100 mgL) , ( )
2.00 mg/L
— 290 —
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&
(1000 mglL) ,
10 mglL

-3-MCPD d - 1,3-DCP
( )

1.2
- (Varian ), CP- 3800
Saturn 2000 CP- 8200
(40cmx2cm) , 111
N; - ,Bvsgo - 002 , G-
560E ,AE 160 (
0.1mg, Mettler , ),
AR2130/c  Advanturer (
\ ) ,1.0nmL
50U L ,100uL )
B - 2200E1
8h,

1.3
1.31
4.00 8.00g, 100nL
200 L 10mgL o - 3- MCPD
ds - 1,3- DCP , 2
m._, 10 mn

2.00 4.00 g, 100 nL . 100pL
10mgL d-3-MCPD - 1,3- DCP
) 4, 15 min,
10.0 L
10 mL (5 mlL) ,
1.3.2
@/T 5009. 191 —2003”
(MSPD - SPE) 5 g Bxtrelut™ 20
, 59 Bardut™ 20
+ (9+1)
3- MCFD 1,3- DCP
2.,3- DCP
1.3.3 @/T 5009. 191 —2003 ™
1.4
1.4.1 (X0
DB - 5MS (30 mx0.25 mm
x0. 30U m) ; 1uL, ;

2 /min

280 ; 5 ,I1mn— 9
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40 /mi .
—mnz 5 min: ’ ' 453)
_ . _ +20%;  2- MCPD,
10ps; 2 ps,8 mn 15 ps m/z 289 291 25 3.5 ,
4 ps/mi . .
—P20 5 0 ps 8. 25 min 13-DCP,  myz 275 277 2.5 3.5
1.4.2 (M9 23-DCP mjz75 77
MS +100V; 1.4.3
25UA; El,70 eV ; (ng)
10 min; TIC 650 000; )
65 000U s; 100 s; ,3- MCFD 2- MCPD d-3-
70 m/z ;RF Dump Vaue 650 m/z; 220 ; MCPD ,1,3- DCP 2,3 - DCP & -1,3-DCP
250 48 m/z ,
70 300( 1,3- DCP 2,3 - DCP 6 -1,3- 20 %
DCP ,m/z 70 460 ( & - 3- MCPD 3 -
MCPD) ; 0.63 s, 12 2
18 min 2.1
MS + 150 1,
V; S0A; , 1, [
1 (e - _
(%-13-DCP. i mz70 285  0.53s 3-MCPD  2- MCFD  m/z 253
1,3- DCP) : 5 10
2(2,3-DCP) : 12 13mn mz70 260  0.51s ' '
:1,3- DCP m/z 275 + 277 ,
3 (ds- 3- MCPD, 13 15mn m/250 460 0.53 s
m/z 75 + 77,
3- MCFD ,2- MCPD) :
d-1,3- DCP m/z 278 + 280
(819 , : 2.3- DCP, m/z 253
1
ﬁg(:ge 79 Esi%lj/gde 169 —]
100% 169 — 40(; 69 |
75% 69 — 30% _
50% 81 278230 4 20%4 7%, 19 257 29 B
25% L 100116 L IR T 27823‘}’ » 456
0% L Ilﬂl 327 0%||I:JII:I|l:*ljll||J|||l|||||I||]||||]||||||||||
[5|0| TTTTT lll(l)oll TTTTTT |1|5(|)| TTTTTT |2bb| TTTTT |2|5|d TTTTTT |é(|)0| T ]"r;/'z ) 00 150 200 25 300 350 400 41:1?/0Z
Fixed (a) d5-1.3-DCP §Z‘:§e (d) d5-3-MCPD
Range, 75 169 100% 169
30%]3 4
E 275 75% 469
20%9 - o
10%3 ¥ 100110 L277 I 7757 119 29|1
°] q 25% 453
0%: ll lllldl TT ! L|J|h| || TTTTTTTTTTTITTITT |2(|)’|7 TTTTTITTTITTTTTTTITTITTITITT |3|2|5] 0% 1|00I J = L27i5 2L8_9 363
100 15 200 250 300 m/z 100 150 200 | 250 | 300 350 400 ' 430
Fixed (b) 1.3-DCP Fixed (¢) 3-MCPD m/z
Range| - Range 169
100% -1 100%3 85
75% A 169 - 75%
50%4 |77 o 253 T 50%
25% 1 100 | ) l 289 325] 2%
0% -l TTTTTTTTT TT T I T I rTTrTT |2|0|0| TTTTTT |2|56| TTTTTTTTTTTTT 0% /
23D m/z 100 150 200, wcrB? 300 350 m/z
(a) :ds-1,3- DCP;(b) :1,3- DCP;(c) :2,3- DCP;(d) :ds - 3- MCPD; (e) :3- MCFD; (f) :2- MCPFD
1
- MS — — 201 —



1 El
[M- R0,  [M- GRCD,  [M- GROD, [M- GFO0,
[M- CH,A]* [M-d—HA]* [M- GFCOO,]* . . N
( CH,] - HAT* - CHd] - GFQOxH]
3- MCPD 502 453 289/291 275/277 253@ 240 75/77
2- MCPD 502 289/291 2530 75/77
ds- 3- MCFD 507 456 294/296 278/280 257@ 243 79/81
13- DCP 324 275/277Y 111 75/77
ds-1,3- DCP 330 278/280W 116 79/81
22 3- DCP 324 253 111 75/77%
(1)
2. 2 l '
4 2 11.5 min 2 - MCPD ,
( 2 . 14.4 min
kCounts 3 lons:278+280 =
3 d5-1.3-DCP E
1.03 E
0.03 M«MMM
kCounts | lons:275+277 ]
2.0 1.3-DCP ]
1.0 —
0.0, S I M
kCounts lons:75+77
10.0 2.3-DCP .
5.0 r——/\U\\/\”\/\\/‘\M ]
0.0 -
kCounts | lon:257 d5-3-MCPD —
2_ p—
1_ p—
0. ™
kCounts] lon:253 J =
3 3-MCPD .
5'0§ 2-MCPD 3
0'0 s rrrrrrrrrrrrryrrrrrrrrrrrrrrrrrrryrrrrrrrrryprrrrrorrr I-
10 11 12 13 minutes
0.05 mg/kg, 3- MCPD 0.04 mg/kg, 2- MCFD
2 HRBI
2.3 250 ,
Cdite545 Bdrdut NT , ,
@ 5009. 191 —2003 B
trlut NT , ,
, 8¢ MSD - S - , -
SPE  MSPD - SPE , MSFD -
MSFD Bxrdut NT )
, MSD - SD -
2.4 @ 5009. 191 — 31.8% 53.9% 39.9% 50.3%,
2003 + (9+1) , 83.7% 126%
1,3-DCP 2,3- DCP 103% 119 %:; &-3-MCPD d&-1,3-
80 nL , DCP
13-DCP 2,3-DCP ,
40m 1,3-DCP 2,3 MSD - SD, MSPD -
- DCP 23% 27%, s
0. 005 mg/kg; &-3-MCPD d&-1,3-DCP 2.5
X y (ng) 3-
, 150 mL 4 MCPFD 0 - 3- MCPD
— 202 _— 2004 16 4
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y =139.28x +10.87(r =0.9993) ;1,3- DCP

& - 1,3- DCP y =
109x +6.229(r =0.9999) ;2,3 - DCP
& -1,3- DCP y =48.003x +
5.93(r = 0.9997) ,
. 3 20 500 pg
2.6 10 8.0g
,3- MCPD  0.003 mg/kg;
13-DCP 2,3-DCP, )
25 %, , 0.005 mg/kg ;
0. 005 mg/kg '
10,
2.7 )
3 - MCPD 0. 004 mg/kg, 1,3-
DCP 2.,3- DCP 2- MCFD 3
6 '
0.005 0.010  0.05 mg/kg,3 -
MCFD 98.8% 115%,1,3- DCP
75.0% 119%,2,3 - DCP 93.6% 132%
,1,3 - DCP 0.05 mg/kg
(75.0%) , 2,3- DCP  0.010 mg/kg
(132 %) , ( 2
5 &)
@ ng/kg % RD %
0.005 115.0 16.20
3- MCFD 0.010 9.8 6.99
0. 050 106.0 12.30
0.005 119.0 9.25
13- DCP 0.010 9.1 5.46
0.050 75.0 3.80
0.005 102.0 10. 40
2 ,3- DCP 0.010 132.0 9.63
0.050 9.6 7.07
(D 6 (2 3 8.0¢g
40 80 400 ng
2.8 , 3
6
(RSD) ,3 - MCPD 6.9% 16.2%,1,3 -
DCP 380% 9.25%,2,3 - DCP 7.07 %
0.4%; RSD 20%,
: ( 2
3
, ( ) 5
( ) 31.8% 53.9%,
aC- MS

( ) , 83.7%
126 %,
250 , 0 10
, MSPD - SPE
&-3-MCPD &-1,3-
DCP 3-MCA 1,3-DCP
2-MCPD 2,3- DCP ,
[ ¢-3'
MCPD &-3-MCPD d&-1,3-DCP
, ( )
Q_Zy
3- DCP , -1,
3- DCP & - 2,3- DCP ,
&-3-MCPD &-1,3-DCP
2 - MCPD 2 -
MCPD 3- MCPD ,
,2 - MCPD 3-
MCPD , 2- MCPD
’ ( ) 3'MCHD,
1,3- DCP 2,3- DCP, .
1 0 ;
( ) 3- MCPD,
3- MCPD ,
0.005 mg/kg,
0.005 mg/kg  0.010 mg/kg
, 1,3-DCP 0.05nmg/kg
(75.0%) , 2,3- DCP  0.010 ng/kg

(136 %) ,
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