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双三元液相色谱-在线固相萃取在环境领域的应用
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双三元液相色谱-在线固相萃取在环境领域的应用

DGLC-E-A01 - -

DGLC-E-A01 Hydrocarbons (PAHs) in tap water using online solid- 
phase extraction followed by HPLC with UV and fluorescence 

detections

Key words: Online solid-phase; HPLC; UV detector; fluorescence detector; tap water; PAHs 

PAHs

HPLC
HPLC

PAHs EPA -
[1], - ( )[2] , , ,

, On-line SPE
HPLC , ,

Dionex UltiMate® 3000
EPA 16

EPA 550.1 -HPLC [3]

UltiMate 3000 HPLC , DPG 3600A TCC-3100

WPS 3000TSL VWD-3400RS , RF2000

SUPELCOSILTM LC-PAH (5 m 4.6 mm×250 mm) 
Acclaim PA 2 (3 m 4.6 mm×50 mm) 

20 °C 
2.0 mL 

1
254 nm ( ) 2
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1

1

min
A—— B—— A—— B——

valve
mL/min A% B% curve mL/min A% B% curve  

0.00 1.00 95 5 —— 1.00 60 40 —— 1_2 

8.00 1.00 95 5 5 1.00 60 40 5 6_1 

8.50 0.50 0 100 5 1.00 60 40 5  

10.00 0.50 0 100 5 1.00 60 40 5  

30.00 0.50 0 100 5 1.00 0 100 5  

54.00 0.50 0 100 5 1.00 0 100 5 1_2 

54.50 1.00 95 5 5 1.00 60 40 5  

65.00 1.00 95 5 5 1.00 60 40 5  

2

min nm nm

0.00 256 390 1 

31.50 275 420 4 

34.00 270 385 1 

37.00 290 430 1 

51.00 305 480 4 

65.00 256 390 1 

39.6 mL 400 L 0.45 m Millex®-HN
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双三元液相色谱-在线固相萃取在环境领域的应用

PAHs 3
70%~131%

3  PAHs

g/kg a g/L

 1.00~25.00 0.9950  1.17 

 2.00~50.00 0.9994  1.08 

 1.00~25.00 0.9986  0.84 

 0.20~5.0 0.9994  0.11 

 0.10~2.50 0.9986  0.15 

0.10~2.50 0.9969 0.08 

0.20~5.00 0.9943 0.09 

0.10~2.50 0.9945 0.26 

(a) 0.10~2.50 0.9843 0.08 

0.10~2.50 0.9952 0.15 

(b) 0.20~5.00 0.9964 0.017 

(k) 0.10~2.50 0.9991 0.01 

(a) 0.10~2.50 0.9982 0.022 

(a h) 0.20~5.00 0.9984 0.025 

(g,h,i) 0.20~5.00 0.9989 0.070 

(1,2,3-cd) 0.10~2.50 0.9992 0.059 

EPA 16
8 RSD 0.03% ~ 0.13% RSD

1.0% ~ 10.8%
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(A) 254 nm                       (B) 

 2. 8

(A) 254 nm a b c
(B) a b c

 3. 

 2.5 mL 
20.000 WashSampleLoop Volumn=2500.000 
22.000 Wash 
25.000 InjectValveToInject 

0.2 m ,
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双三元液相色谱-在线固相萃取在环境领域的应用

(1) SPE OnLine SPE EPA 550.1

(2)
(3) UltiMate 3000 OnLine SPE

[1]  Determination of Polycyclic Aromatic Hydrocarbons in Drinking Water by Liquid-Liquid Extraction and 

HPLC with Coupled Ultraviolet and Fluorescence Detection, Method 550, U.S. EPA. 

[2]  Determination of Polycyclic Aromatic Hydrocarbons in Drinking Water by Liquid-Solid Extraction and 

HPLC with Coupled Ultraviolet and Fluorescence Detection, Method 550.1, U.S. EPA. 

[3]  Dionex Corporation. Determination of Phenols in Drinking and Bottled Mineral Waters Using Online 

Solid-Phase Extraction Followed by HPLC with UV Detection, Application Note 191, LPN 1949-02.Sunnyvale, 

CA, 2008. 
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DGLC-E-A02 - -

DGLC-E-A02 Determination of phenols in drinking and bottled mineral 
water by HPLC-UV detection with online solid- phase extraction 

Key words: online solid-phase extraction; HPLC; UV detector; drinking; bottled mineral water;  
phenol 

   

0.5 g/L[1]

(Ministry of 

Health, Labour and Welfare)

5 g/L[2] EPA
[3]

11 11

1

1 g/L[4] GC

GC[5,6]

GC-MS[7-9]

Ultimate DGP 3600
2                    

Acclaim® PA (5 m 4.6 mm×150 mm)



●  �  ●

双三元液相色谱-在线固相萃取在环境领域的应用

IonPac® NG1 Guard (5 m 4.0 mm×35 mm)
40 

280 nm
10 mL

1

2

1

A=0.2 mmol/L MSA B=ACN A=25 mmol/L HAC /25 mmol/L  

NH4Ac 1.45:1 v/v B=ACN

min
mL/ 

min
A% B%

mL

/min
A% B%

-14.0 1.0 0 100 SPE 0.2 0 100

-13.0     0.2 75 25  

-11.5 1.0 0 100      

-11.0 1.0 99 1 SPE     

-8.6 2.0 99 1     

-5.0     1.0 75 25 

-3.5 2.0 99 1      

-3.0 1.0 85 15 SPE     

0.0     1.0 75 25 

0.2 0 0 0      

3.5 0.2 0 100      

17.5     1.0 30 70  

18.0     1.0 0 100  
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0.45 m 495 mL 5 mL 56 L MSA
MSA 2 mmol/L

[10-12] A
A 0.1 mM 3A 0.1% 

3B 0.1% 3C 25 mM 1:1 v/v

3D 3

(C)

(D)

3 10 µg/mL

(1). Phenol; (2). 4-Nitrophenol; (3). 2-Chlorophenol; (4). 2-Nitrophenol; (5). 2,4-Dimethylphenol; (6). 

2,4-Dinitrophenol; (7). 4-Chloro-3-methylphenol; (8). 2,4-Dichlorophenol; (9). 4,6-Dinitro-2-methylphenol; (10). 

2,4,6-Trichlorophenol; (11). Pentachlorophenol

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 23.0
-3.0

5.0

10.0

15.0

20.0

25.0

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

1

2

3

4

5

6

7 8

9

10
11

WVL:280 nm

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
-5.0

10.0

20.0

30.0

40.0

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

1

2

3

4

5

6

7 8

9

10
11

WVL:280 nm

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
-5.0

10.0

20.0

30.0

45.0

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

1

2

3

4

5

6

7 8

9

10
11

WVL:280 nm

0.0 5.0 10.0 15.0 20.0 25.0
-5.0

0.0

5.0

10.0

15.0

20.0

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

6

1

9 2

3

4

5
7 8

10
11

WVL:280 nm

A B

C D
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MSA

0.1 mmol/L 3 mmol/L 2,4-dinitrophenol

2,4-dimethylphenol 2-nitrophenol HAc

0.03% 2.0% MSA TFA HAc

25 mM HAc-NH4Ac pH

2,4-dinitrophenol 4,6-dinitro-2-methylphenol

2,4,6-trichlorophenol pentachlorophenol

HAc MSA TFA EPA604 11

HAc-NH4Ac 25mM
1.45 1

SPE
HAc MSA SPE

/
0.2mmol/L MSA/

EPA Method 604

2
2  11

g/L

a

g/L
EPA 604 g/L
GC-FID GC-ECD 

1 2,4- 0.5~20 0.9998 0.46 13.0 0.63 
2 0.5~20 0.9984 0.87 0.14 2.2 

3 4,6- -2- 0.5~20 0.9998 0.40 16.0 

4 4- 0.5~20 0.9997 0.42 2.8 0.70 

5 2- 0.5~20 0.9996 0.41 0.31 0.58 

6 2- 0.5~20 0.9992 0.41 0.45 0.77 

7 2,4- 0.5~20 0.9999 0.30 0.32 0.68 

8 4- -3- 0.5~20 0.9998 0.31 0.36 1.8 
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3~6

4~7

9 2,4- 0.5~20 0.9998 0.08 0.39 

10 2,4,6- 0.5~20 0.9999 0.20 0.64 0.58 

11 0.5~20 0.9965 0.93 7.4 0.59 
 a——t MDL 99% MDL 2 g/L 7

S t

b

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-10.0

0.0

10.0

20.0

35.0

1 - figure7_1 mineral water 1_add 10 uL MSA
2 - figure7_2 spiked mineral water 1-new 2_add 10 uL MSA

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

2

1

1

2

3

4

5

6

7
8 9

10

11

WVL:280 nmAz

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-5.0

10.0

20.0

35.0

1 - figure8_1 mineral water 2_add 10 uL MSA
2 - figure8_2 spiked mineral water 2_add 10 uL MSA

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

2

1

1

2

3

4

5

6

7
8 9

10

11

WVL:280 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-4.0

5.0

10.0

15.0

20.0

1 - figure9_1 pure water
2 - figure9_2 spiked pure water*

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

2
1

1

2

3

4

5

6

7
8 9

10

11

WVL:280 nmAz

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-25.0

0.0

20.0

40.0

70.0

1 - figure10_1 10ppb
2 - figure10_2 tap water_add 10 uL MSA
3 - figure10_3 spiked tap water-new 1_add 10 uL MSA

Ab
so

rb
an

ce
 [m

AU
]

Retention Time [min]

3

2

1

1

2

3

4

5

6

7
8 9

10
11

WVL:280 nm
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3. 1#

(µg/L) (µg/L) (µg/L) (%) 
1 2,4- 10 9.44 94 

2 10 11.9 119 

3 4,6- -2- 10 9.56 95.6 

4 4- 10 10.2 102 

5 2- 10 10.4 104 

6 2- 10 11.9 119 

7 2,4- 10 10.5 105 

8 4- -3- 10 9.56 95.6 

9 2,4- 10 9.75 97.5 

10 2,4,6- 10 10.1 101 

11 0.73 10 9.67 96.7 

2 4

4. 2#

(µg/L) (µg/L) (µg/L) (%) 
1 2,4- 10 9.57 95.7 

2 0.37 10 10.0 100 
3 4,6- -2- 10 9.57 95.7 

4 4- 10 10.0 100 

5 2- 10 9.02 90.2 

6 2- 10 10.9 109 

7 2,4- 10 9.97 99.7 

8 4- -3- 10 9.40 94.0 

9 2,4- 10 9.05 90.5 

10 2,4,6- 0.75 10 9.55 95.5 
11 10 9.60 96.0 

2 5

5.

(µg/L) (µg/L) (µg/L) (%) 
1 2,4- 5 4.95 99.0 

2 5 4.84 96.8 

3 4,6- -2- 5 5.02 100 

4 4- 5 5.09 102 

5 2- 5 5.22 104 

6 2- 5 5.30 106 

7 2,4- 5 5.19 104 
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8 4- -3- 5 5.07 101 

9 2,4- 5 4.98 99.6 

10 2,4,6- 5 5.20 104 

11 5 4.99 99.8 

5 4

6.

(µg/L) (µg/L) (µg/L) (%) 
1 2,4- 2.11 15 10.4 70.0 
2 0.41 15 14.2 94.7 
3 4,6- -2- 15 15.1 101 

4 4- 0.80 15 15.2 101 
5 2- 15 11.50 76.7 

6 2- 15 14.0 93.3 

7 2,4- 1.63 15 15.0 100 
8 4- -3- 15 14.5 96.4 

9 2,4- 15 14.1 94.0 

10 2,4,6- 0.65 15 14.6 97.0 
11 1.13 15 14.2 94.5 

2 5

AS-HV A B C

pH MSA 3.5
AS-HV

PEEK

(1) SPE OnLine SPE EPA 604
(2) GC

(3) UltiMate 3000 OnLine 
SPE

[1]. Drinking Water Directive 80/778/EEC, Commission of the European Communities, 1980. 
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[2]. Ministry Ordinance No. 15, Ministry of Health and Welfare, Tokyo, Japan, 2000. 

[3]. U.S. Environmental Protection Agency. Current National Recommended Water Quality Criteria. 

http://www.epa.gov/waterscience/criteria/wqcriteria.html (accessed Aug 23,2007) 

[4]. U.S.EPA Title 40, Chapter 1, Part 141, National Primary Drinking Water Regulation. 

[5]. Fiamegos, Y.C.; Nanos, C.G.; Pilidis, G.A.; Stalikas, C.D. Phase-Transfer Catalytic Determination of Phenols 

as Methylated Derivatives by Gas Chromatography with Flame Ionization and Mass- Selective Detection. J. 

Chromatogr., A 2003, 983, 215-223. 

[6]. U.S. Environmental Protection Agency. 40 CFR 136: Appendix A to Part 136, Methods for Organic 

Chemical Analysis of Municipal and Industrial Wastewater, Method 604—Phenols. Cincinnati, OH,1984 

[7]. Peng, X.; Wang, Z;. Yang, C.; Chen, F.; Mai, B.Simultaneous Determination of Endocrine-Disrupting 

Phenols and Steroid Estrogens in Sediment by Gas Chromatography–Mass Spectrometry. J. Chromatogr.,A 

2006, 1116, 51-56. 

[8]. Montero, L.; Conradi, S.; Weiss, H.; Popp, P.Determination of Phenols in Lake and Ground Water Samples 

by Stir Bar Sorptive Extraction-Thermal Desorption-Gas Chromatography-Mass Spectrometry.J. 

Chromatogr., A 2005, 1071, 163-169. 

[9]. Saraji, M.; Bakhshi, M. Determination of Phenols in Water Samples by Single-Drop Microextraction 

Followed by In-Syringe Derivatization and Gas Chromatography-Mass Spectrometric Detection. 

J.Chromatogr., A 2005, 1098, 30-36. 

[10]. Application Update 119, Phenols, Dionex Corporation, 2000 

[11]. Acclaim Column Brochure, Dionex Corporation, p34, 2006 

[12]. D. Xuan, Y. Li, China Public Health, 18 (2002) 1102 
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DGLC-E-A03 - -

DGLC-E-A03 Determination of trace microcystins in water by 
HPLC-UV detection with online solid-phase extraction 

Key words: online solid-phase extraction; HPLC; UV detector; water; microcystins 

Microcystins
MCs

60

MC-LR
MC-RR MC-YR 1

GB/T 5749-2006 [1]

MC-LR 1
g/L (WHO) ( 1998)[2]

MC-LR 1 g/L

GB/T 20466-2006 [3]

1 L

0.1 g/L

10 mL 0.1 g/L

Ultimate DGP 3600 2500 L
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left pump (right pump)

A

20 mM KH2PO4 50% H3PO4

pH  2.5

B MeOH ACN

2.0 mL/min 1.0 mL/min

2                    

Acclaim® PA  (3 m 4.6 mm×150 mm) 
Acclaim® PA Guard Cartridge(5 m 4.3 mm×10 mm)

30 
238 nm 

10 mL 
1

2

2-1 1-2 2-2 1-6
                          2

0.45 m 10 mL

min B% min B% min

0 20 0 20 0 1-2

4 20 7 20 7 6-1

10 50 15 50 11 1-2

11 70 17 50 

16 70 18 70 
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0.0 5.0 10.0 15.0 20.0
-70

-25

0

25

60 mAU

min

1 
- M

C
-R

R
2 

- M
C
-Y

R
3 

- M
C
-L

R

WVL:238 nm

User Defined Program UDP
UDP

2.5 mL

UDP

20 mM KH2PO4 pH 2.5 A

MC-YR MC-LR

MC-RR

MC-YR MC-LR

A 20 mM 

KH2PO4 pH 2.5 MC-YR MC-LR

0.5 g/L~ 10 g/L

R> 0.9996 S/N = 3 0.1 g/L

3~5 4~5

MC-RR 100%~112% MC-YR

100%~107% MC-LR 92%~102%

3 5 g/L
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3  MC-RR

g/L g/L g/L %

1 1.048 104.8 
10 10.36 103.6 
1 1.116 111.6 
10 10.38 103.8 

4  MC-YR

g/L g/L g/L %

1 1.061 106.1 
10 10.06 100.6 
1 1.011 101.0 
10 10.21 102.1 

5  MC-LR

g/L g/L g/L %

1 0.923 92.3 
10 10.04 100.4 
1 0.973 97.3 

10 10.13 101.3 

0.0 5.0 10.0 15.0 20.0
-10.0

20.0

40.0

60.0

80.0

1
2
mAU

min

2
1

1 
- M

C
-R

R
2 

- M
C
-Y

R
3 

- M
C

-L
R

238 nm-238 nm

0.0 5.0 10.0 15.0 20.0
-80

0

50

120

1
2
mAU

min

2
1

1 
- M

C
-R

R
2 

- M
C
-Y

R
3 

- M
C
-L

R

WVL:238 nm
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3

[1]. GB/T 5749-2006

[2]. Guidelines for Drinking Water Quality , 2nd Ed

[3]. GB/T 20466-2006
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双三元液相色谱-在线固相萃取在环境领域的应用

DGLC-E-A04 - -

DGLC-E-A04 Determination of four trace phthalate esters in environmental 
water by HPLC-UV detection with online solid-phase extraction 

Key words: online solid-phase extraction; HPLC; UV detector; environmental water; trace; 
phthalate ester 

GB 5749-2006
[1]

DEHP 8 g/L

-
GB/T 22048-2008

[2]  GB/T 
21911-2008

[3] HJ/T 72-2001 ( ) [4]

[5] GC-MS

Ultimate DGP 3600

O
O

O

O

O

O

O

O

O
O

O

O

O
O

O

O

(DMP) (DEP)

(DBP)
(2- )

(DEHP)



●  ��  ●

(left pump) right pump

1.0

mL/min 

A H2O

B ACN 

1.0  mL/min 

2                    

Acclaim® 120 C18 (5 m 4.6 mm×150 mm) 
IonPac® NG1 Guard (10 m 4.0 mm×35 mm)

40 
224 nm 

15 mL 
1

2

2-1 1-2 2-2 1-6
2

0.45 m

min B%

-15 30 1-2 

0 30 6-1 

1.0 30 6-1 

2.0 30 6-1 

6.0 100 6-1 

13.0 100 6-1 

13.1 10 6-1 

15.0 10 6-1 
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双三元液相色谱-在线固相萃取在环境领域的应用

1.0 5.0 10.0 15.0
-40

0

50

100

160 mAU

min

1 
- D

M
P

2 
- D

EP

3 
- D

B
P

4 
- D

EH
P

WVL:224 nm

IonPac® NG1 Guard
IonPac® NG1 Guard

IonPac® NG1 Guard

2 “ ”

IonPac® NG1 Guard 4 “ ”

3 10 g/L

4-1 1-2 4-2 1-6

4
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    ACN 50% DMP

30% 100%

0.5 g/L~ 50 g/L

R> 0.9991 S/N = 3 DMP 0.1 g/L

DEP 0.25 g/L DBP 0.10 g/L DEHP 0.25 g/L

3~4 5~6

DMP 95%~101% DEP 95%~102%

DBP 93%~102% DEHP 88%~108%

3

g/L g/L g/L %

DMP 
5 4.760  95.2  
50 49.157  98.3  

DEP 5 4.911  98.2  

a

b a
b
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50 48.107  96.2  

DBP 
5 5.071  101  
50 48.363  96.7  

DEHP 
5 5.070  101  
50 49.757  99.5  

4

g/L g/L g/L %

DMP 
5 5.040  101 

50 49.307  98.6  

DEP
5 5.051  101  

50 47.907  95.8  

DBP 
5 4.971  99.4  

50 46.903  93.8  

DEHP 
2.44 5 6.856  88.3  
2.44 50 56.153  107  

[1]. GB/T 5749-2006

[2]. GB/T 22048-2008

[3]. GB/T 21911-2008

[4]. HJ/T 72-2001 ( )

[5]. . . 2002
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DGLC-E-A05 - -

LAS

DGLC-E-A05 Determination of Linear Alkylbenzene Sulphonate in 
treatment plant wastewater streams using online solid-phase 

extraction followed by HPLC with fluorescence detection 

Key words: online solid-phase extraction; HPLC; fluorescence detection; wastewater; linear 
alkylbenzene sulphonate 

LAS CAS No.68411-30-3

[1-9] LAS
1

LAS

DAD
FLD MS

SPE
SPE

DGLC-3600 Online SPE
IonPac® NG1 Acclaim®Surfactant

Chromeleon®

Ultimate DGP 3600 
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双三元液相色谱-在线固相萃取在环境领域的应用

500 L
2
Acclaim Surfactant (5 m 4.6 mm× 250 mm) Acclaim Surfactant Guard 

(4.3mm × 10 mm) 
IonPac NG1(5 m 4 mm× 35 mm) 

0 min  Ex 230 nm Em 302 nm 18 min Ex 221 nm Em 284 nm 
30 

0.5–5 mL 
1

2

min B% min

0 50 -10 10-1 

20 15 0 1-2 

30 15 5.2 10-1 

(left pump) right pump

H2O

A ACN 

B

100 mmol/L 

NH4OAC (pH 5 

HCl )

2.0 mL/min 1.0 mL/min 

2
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 On-line SPE-LC Applications  28 

C10-13 LAS 3 3

3  C10-13 LAS
LAS 58.5 g/L a-0.5 mL; b-1.0 mL; c-2.0 mL; d-3.0 mL; e-5.0 mL

LAS 0.5mL 5mL
4 5

3

3

SPE mL C10 r2 C11 r2 C12 r2 C13 r2

0.5 0.9967 0.9964 0.9962 0.9935 
5 0.9996 0.9988 0.9988 0.9975 

4

SPE 
mL

C10 C11 C12 C13 
RT 

RSD
Area
RSD

RT RSD
Are
RSD

RT RSD
Area
RSD

RT RSD 
Area
RSD

0.5 (n=5) 0.24 1.72 0.22 1.33 0.16 1.39 0.12 3.25 
5 (n=3) 0.95 11.1 0.03 9.9 0.04 15.1 0.03 15.4 

5 LAS

SPE 
mL

C10 C11 C12 C13 

LOD ( g/L) RSD LOD ( g/L) RSD LOD ( g/L) RSD LOD ( g/L) RSD

0.5 (n=5) 5.1 3.29 14.2 3.89 15.4 1.1 12.3 3.86
5 (n=3) 0.19 11.4 0.51 12.1 0.46 12.4 0.31 15.3
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双三元液相色谱-在线固相萃取在环境领域的应用

LAS 0.5mL 4 5

LAS 5mL 6 7

117 g/L C10-13 LAS 7

104% RSD 14% n=3

Ultimate 3000 Online SPE LAS

Online SPE

5 mL LAS C10-13 0.9 g/L 

4

LAS 8689 g/L

5

LAS 740 g/L

6

LAS 37.1 g/L

7 LAS

117 g/L
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[1].  HERA, 2004. Human and Environmental Risk Assessment of Ingredients of Household Cleaning Products: 

Report for LAS. http://www.heraproject.com. 

[2]. Mieure, J.P.; Waters, J.; Holt, M.S.; Matthijs, E. Terrestrial Safety Assessment of Linear Alkylbenzene 

Sulphonate Chemosphere 1990, 21, 251–262. 

[3]. Kloepper-Sams, P.; Torfs, F.; Feijtel, T.C.J.F.; Gooch, J. Effects Assessment for Surfactants in 

Sludge-Amended Soils: a Literature Review and Perspective for Terrestrial Risk Assessment. Sci. Tot. 

Environ. 1996, 185, 171–175. 
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Sludge-Amended Soils. Chemosphere 1998, 36 (6), 1319–1343. 
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Sulfonates in Sludge-Manded Soils. Environ. Toxicol. Chem. 2001, 20 (8), 1690–1697. 

[7]. Fendinger, N.J.; Versteeg, D.J.; Weeg, E.; Dyer, S.; Rapaport, R.A. Environmental Behavior and Fate of 

Anionic Surfactants. In: Baker LA, editor. Environmental Chemistry of Lakes and Reservoirs. ACS 

Advances in Chemistry Series American Chemical Society 1994, 528–57. 

[8]. Versteeg, D.J.; Rawlings, J.M. Bioconcentration and Toxicity of Dodecylbenzene Sulfonate (C12LAS) to 

Aquatic Organisms Exposed in Experimental Streams. Arch. Environ. Contam. Toxicol. 2003, 44, 237–46. 

[9]. Temara, A.; Carr, G.; Webb, S.; Versteeg, D.J.; Feijtel, T. Marine Risk Assesment: Linear 

Alkylbenzensulphonates (LAS) in North Sea. Marine Pollution Bulletin 2001 42(8), 635–42.  
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双三元液相色谱-在线固相萃取在环境领域的应用

DGLC-E-A06 - -

LAS

DGLC-E-A06 Determination of Linear Alkylbenzene Sulphonate in 
treatment plant wastewater streams using online solid-phase 

extraction followed by HPLC with UV detection 

Key words: online solid-phase extraction; HPLC; UV detection; wastewater; linear alkylbenzene 
sulphonate 

LAS

LAS

GB 8978-1996 

LAS 5 mg/L[1]

LAS
GB/T 

7494-1987 [2] 100mL
0.05 mg/L

NG1 LAS
Surfactant LAS 7.5mL

1 g/L

Ultimate DGP 3600 2.5 
mL DAD

2
Acclaim Surfactant (5 m 4.6 mm× 250 mm) 

1  LAS
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1

(Left pump) Right pump

A ACN ACN 100 mmol/L NH4OAC=

7:3 v/v pH=5.0 HClB H2O

2 .0 mL/min 1.0 mL/min 

Acclaim Surfactant Guard (4.3 mm × 10 mm) 
IonPac NG1(5 m 4 mm× 35 mm) 

30

222 nm             

7.5 mL 

1

2     

2

min B% min

0 95 0 1-2 

10 95 3 6-1 

11 20 8 1-2 

20 20 — 1 

25 95 — 1 

35 95 — 1 

2-1 1-2 2-2 1-6
2
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双三元液相色谱-在线固相萃取在环境领域的应用

0.0 10.0 20.0 35.0
-10.0

0.0

12.5

25.0

37.5

50.0 mAU

min

LA
S-

C
10

LA
S-

C
11

LA
S-

C
12

LA
S-

C
13

WVL:222 nm

3 LAS 100 g/L

50 g/L~ 1 000 g/L

LAS r > 0.9995 3 50 g/L

LAS-C11

1 g/L

4 5

0.0 10.0 20.0 35.0
-10.0

0.0

12.5

25.0

37.5

50.0

1
2
mAU

min

2
1

LA
S-

C
10

LA
S-

C
11

LA
S-

C
12

LA
S-

C
13

WVL:222 nm

0.0 10.0 20.0 35.0
-10.0

0.0

12.5

25.0

37.5

50.0

1
2
mAU

min

2
1

LA
S-

C
10

LA
S-

C
11

LA
S-

C
12

LA
S-

C
13

WVL:222 nm

4

1- 2-

5

1- 2-
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1.0 mg/L 10 mg/L 100 g/L

500 g/L 3

3  LAS

LAS
7.5 mL LAS 1 g/L

Ultimate 3000 DGLC Online 

SPE SPE

IonPac NG1 100%

[1].  GB 8978-1996 

[2].  GB/T 7494-1987

g/L g/L g/L %

1#
11.35 100 93.92 82.6 

13.82 100 95.82 82.0 

2#
57.7 500 478.2 84.1 

22.32 500 481.8 91.9 
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双三元液相色谱-在线固相萃取在环境领域的应用

1

(Left Pump) Right Pump

A MeOH A MeOH 

B H2O B H2O

1 mL/min 1mL/min

DGLC-E-A07 - -

DGLC-E-A07 Determination of trace levels of Atrazine in 
environmental water using online solid-phase extraction followed by 

HPLC with UV detection 

Key words: on-line solid-phase extraction; HPLC; UV detection; environmental water; Atrazine 

Atrazine
1

GB 5749-2006
0.002 mg/L[1] HPLC

DGLC-3600 Online SPE HPLC
2.5mL 0.05 g/L

 Ultimate DGP 3600 2.5 mL
2                    

Acclaim® 120 C18 (5 m, 4.6mm×250mm) 

Acclaim® PA Cartridge(5 m , 4.3mm×10mm) 

30

222 nm   

2.5 mL 

1

2     

1
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2

min B% min B% min

0 100 0 30 0 1-2 

9 100 15 30 6 6-1 

9.5 0 15.1 0 7 1-2 

18 0 22 0 — — 

18.5 100 22.1 30 — — 

23 100 30 30 — — 

2-1 1-2 2-2 1-6
2

0.22 m

0.0 5.0 10.0 18.0
-50

100

200

300

400

500 mAU

min

A
tra

zi
ne

WVL:222 nm

3 10 g/L
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双三元液相色谱-在线固相萃取在环境领域的应用

0.5 1 2 4 6 8 10 g/L 7

r 0.9998 3

0.05 g/L 

1 1 g/L 2 g/L 5 g/L 4 3

0.0 5.0 10.0 18.0
-50

100

200

300

400

1 tap water
2 tap water+1ppb
3 tap water+2ppb
4 tap water+5ppb
mAU

min

4321
   

   
   

 A
tra

zi
ne

WVL:222 nm

4

1- 2- 1 g/L 3- 2 g/L 4- 5 g/L

2 1 g/L 2 g/L 5 g/L 5 3

0.0 5.0 10.0 18.0
-50

100

200

300

400

1 River
2 River+1
3 tap water+2ppb
4 tap water+5ppb
mAU

min

4321

   
   

   
 A

tra
zi

ne

WVL:222 nm

5

1- 2- 1 g/L 3- 2 g/L 4- 5 g/L

400 

400 
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3

2.5 mL SPE
2.5mL 0.05 g/L

[1]. GB 5749-2006

g/g g/g g/g %

— 1.003 1.045 104.2 

— 2.005 2.038 101.6 

— 5.006 5.028 100.4 

— 1.002 1.091 108.9 

— 2.004 1.971 98.4 

— 5.001 4.971 99.4 
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双三元液相色谱-在线固相萃取在食品饮料中的应用

-
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DGLC-F-A01 - -

DGLC-F-A01 Determination of Polycyclic Aromatic Hydrocarbons 
(PAHs) in Edible Oils by HPLC-Fluorescence detection with online 

solid-phase extraction 

Key words: online solid-phase extraction; HPLC; Fluorescence detector; edible oil; PAHs 

   
PAHs

benzo[a]pyrene

2.0 µg/kg[1]

HPLC
[2] [3,4] [5] [6] LC-MS/MS[7]

Ultimate DGP 3600

2                    

2 SUPELCOSILTM 

LC-PAH (5 m 4.6 mm×250 mm) 
ChromSpher Pi (3.0 mm×80 

mm)
40 30 

40 
80 L
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双三元液相色谱-在线固相萃取在食品饮料中的应用

1 2

1

1

min
A- B- C- left 

valve
A- B- right

valve
mL/min A% B% C% mL/min A% B% 

0.00 0.35 0 0 100 6_1 0.4 20 80 1_2 

12.00 0.35 0 0 100      

12.10 0.35 20 80 0     6_1 

14.50     1_2     

14.60      0.4 20 80  

16.00      1.0 20 80  

17.00     6_1     

20.90 0.35 20 80 0      

20.91 0.35 0 100 0      

30.00      1.0 0 100  

50.90 0.35 0 100 0      

51.50 0.35 0 0 100      

58.00      1.0 0 100  

58.10      1.0 20 80  

61.50         1_2 

65.00      1.0 20 80  

65.50      0.4 20 80  

66.50 0.35 0 0 100      

70.00      0.4 20 80  
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2

min nm nm

0.00 256 370 

27.05 256 390 

29.50 240 420 

33.50 270 385 

37.50 290 430 

51.50 305 480 

53.50 290 430 

0.45 m 40 L 0.25 g/mL (b) 10 g

EPA 610 12
7 RSD 0.03% ~ 0.08% RSD 4.1% ~ 6.7%

PAHs 3
3  PAHs

g/kg g/kg a g/L

 1~20 1 0.9952 0.42 

1~20 1 0.9910 0.26 

1~20 1 0.9808 1.19 

1~20 1 0.9905 0.69 

(a) 1~20 1 0.9852 0.68 

1~20 1 0.9864 0.34 

(b) 1~20 1 0.9907 0.21 

(k) 1~20 1 0.9907 0.39 

(a) 1~20 1 0.9911 0.75 

(a h) 1~20 1 0.9914 0.41 

(g,h,i) 1~20 1 0.9920 0.58 

(1,2,3-cd) 1~20 1 0.9941 0.59 

a——t MDL 99% MDL 2 g/kg 7
S t
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双三元液相色谱-在线固相萃取在食品饮料中的应用

70%~131%

 2  20 g/Kg)                           3

4

PAH 

1# 2#

g/kg g/kg % g/kg g/kg

37 5 120 13.2 52 

4.5 5 109 3.2 6.1 

1.0 5 112 

2.2 5 131 1.3 
(a) 2.8 5 108 2.1 18 

4.4 5 110 3.2 5.3 
(b) 5 90 
(k) 5 84 

(a) 2.7 5 106 2.5 3.9 
(a h) 5 84

(g,h,i) 5 70 1.2 
(1,2,3-cd) 5 82
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[1]. Commission Regulation (EC) No. 1881/2006 of 19 December 2006, Setting Maximum Levels for Certain 

Contaminants in Foodstuffs. Official Journal of the European Union 2006, 49, L364, 5–24. 
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双三元液相色谱-在线固相萃取在食品饮料中的应用

DGLC-F-A02 - -

B12

B12

DGLC-F-A02 Determination of cyanocobalamin (Vitamin B12) in 
beverages by HPLC-UV detection with online solid-phase extraction 

Key words: online solid-phase extraction; HPLC; UV detector; beverages; vitamin B12 

B12 B

B12

GB/T5009-217

B12

20 mL

3.0 g/L

Ultimate DGP 3600 2500 L
2

Acclaim® PA II (3 m 3.0 mm×150 mm) 
Acclaim® PA II (3 m 4.6 mm×50 mm)

25 



●  ��  ●

361 nm 
2.5 mL 

1
2

2

1

 left pump right pump 

A 25 mM  (  3.4 g KH2PO4  1 L , pH 3.2)

B ACN 

1 mL/min 1.5 mL/min 0.5mL/min

2

 (min) 

Left Pump (for online SPE) Right Pump (for separation) Left
Valve 

Right
Valve 

(mL/min) A%  B% (mL/min) A% B % 

0.0 

1.0 

97 3.0 

0.5 

90 10 

6-1

1-2

7.0 97 3.0    

11.4   90 10  

11.65    6-1 

12.0 70 30    

12.15 

1.5 

    1-2 

12.5 0 100    

14.0 0 100    

14.1 70 30    

16.0   55 45  

16.5   0 100  

19.0 70 30    

19.1   90 10  

19.5 
1.0 

70 30    

20.0 97 3.0    
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双三元液相色谱-在线固相萃取在食品饮料中的应用

0.45 m

B12

2 2

0.2 g/L~ 20 g/L

B12 R> 0.9999 0.003 g/L

3 B12

100%~107%

10.0 12.5 15.0 17.5 20.0
-5.0

0.0

5.0

10.0 mAU

min
1 

- B
12

WVL:361 nm

3 0.5 g/L
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4

a b

3

g/L g/L g/L %

1# 1.5 1.6 107 

2# 2.0 2.1 105 

[1].  GB/T5009-217 B12
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双三元液相色谱-在线固相萃取在食品饮料中的应用

DGLC-F-A03 - - -

DGLC-F-A03 Fast determination of Aflatoxins in grains or food 
using accelerated solvent extraction follow by online solid-phase 

extraction-HPLC with fluorescence detection 

Key words: ASE; online solid-phase extraction; HPLC; fluorescence detection; grains; food; 
aflatoxins 

B1 B2
G1 G2 1

B1
2.0 g/kg 8.0 g/kg

4.0 g/kg 15.0 g/kg[1]

FDA
20 g/kg[2]

SPE HPLC

ASE Online SPE-HPLC
2 ppb US FDA

Dionex ASE 200 Ultimate DGP 3600 
FLD 2                  

Acclaim®120 C18 3 m 4.6×150mm

Venture™ AF SPE immunoaffinity ( 15-20 m 2.1mm ×50 mm) 

1 B1 B2 G1 G2
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1

(Left pump) Right pump

A
10 mmol/L +0.15 mol/L 

NaCl pH=7
20% ACN+80% H2O

B H2O 22.5/22.5/55 MeOH / ACN / H2O

1 .0 mL/min 1.0 mL/min 

5 L

1

2

2

min (%B) %B
0 1_2 0 0 

5.0 1_2 0 0 
5.1 1_2 100 0 

10.0 6_1 100 0 
10.1 6_1 0 0 
14.5 6_1 0 0 
14.6 1_2 0 100 
27.6 1_2 0 100 
27.7 1_2 0 0 
40.0 1_2 0 0 

2-1 1-2 2-2 1-6

2

SPE Venture™ AF SPE immunoaffinity column

Acclaim 120 C18 B1
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双三元液相色谱-在线固相萃取在食品饮料中的应用

G1 254nm 3

B2 G2

3  B1 254nm

ASE200 5 g 3 g
22 mL 80

50/50 / 5 min 16.5 mL
120 s

SPE-LC 4

4

G1 B1 20 ppb G2 B2 6 ppb 5 L

SPE
SPE

SPE 3
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3 n=2

mAU*min SPE
mAU*min %

G2 35.58 38.71 108.8 
G1 46.67 44 94.3 
B2 52.54 54 102.8 
B1 72.80 72.8 100.0 

0 20 g/L

S/N=5 4 20 ppb  G1 B1 4.5 ppb G2 B2

B1 2.0 g/kg

4.0 g/kg

4 n=4

R2
%RSD %RSD

ppb

G2 0.997 0.11 1.28 0.6 
G1 0.996 0.15 1.34 2.0 
B2 0.996 0.14 1.31 0.6 
B1 0.996 0.22 1.52 2.0 

ASE SPE-HPLC 5

5

ASE Online SPE-HPLC
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双三元液相色谱-在线固相萃取在食品饮料中的应用

[1]. Commission Regulation (EC) No 1881/2006 of 19 December 2006 Setting Maximum Level for Certain 

Contaminants in Foodstuffs. Official Journal of the European Union 2006, 49, L364, 5-24.

[2]. Action Levels for Poisonous or Deleterious Substances in Human Food and Animal Feed. Industry Activities 
Staff Booklet. U. S. Food and Drug Administration, Washington, DC, 2000. 
http://www.cfsan.fda.gov/~Ird/fdaact.html(accessed Apr30, 2008).
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DGLC-F-A04 - -

DGLC-F-A04 Quantification of PAHs in Cognac by HPLC-Fluorescence 

detection with online solid-phase extraction with on-line SPE 

Key words: on-line SPE; HPLC; Fluorescence detection ; Cognac; PAHs  

polycyclic aromatic hydrocarbon PAHs
 200

HPLC EPA 8310[1] EPA 550.1[2] HJ 478-2009
GC EPA 8100 EPA 8275A

1L SPE

[3]

Ultimate DGP 3600 2500 L

: Supelcosil LC-PAH, 2.1× 250 mm(Supelco P/N 57945) 
: ChromSpher Pi, 3.0× 80 mm (Varian P/N CP28159) 
27

3
1 mL 

1
2
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双三元液相色谱-在线固相萃取在食品饮料中的应用

1

left pump  right pump

A 40

B

C

2

(min)

Left Pump ( ) Right Pump ( )

(mL/min)
A%  B%  C% 

(mL/min)
A% B % C% 

0.0 

0.4 

0 60 40 

0.35 

100 0 0 

1-2

10-1

15    100 0 0 

1-2

15.1    0 60 40 

17.8      10-1 

23.5       

1-2

23.6 0 60 40    

25    0 60 40 

25.1    0 100 0 

35    0 100 0 

35.1    100 0 0 

10-1

36    

0.20 

   

48.6 0 100 0    

82.6 0 100 0    

85       

85.6 0 60 40 

0.35 

   

86       

92.6 0 60 40 100 0 0 

3  RF 2000

(min) (nm) (nm) 

0.00 300 390 

41.00 300 480 

42.45 300 425 

50.98 300 480 

52.30 300 425 
76.80 300 480 
92.6 300 480 



●  ��  ●

40

DACC* SPE
DACC SPE 1A

DACC SPE 1B
A

DACC* donor-acceptor complex chromatography

SPE

1A                                              1B  

1

93 13
2 3 ng/L

( 3)
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双三元液相色谱-在线固相萃取在食品饮料中的应用

2 80ng/L

3

mV ng/L

10-160ng/L 0.9879

4     

4

                                                   

14 RSD 0.24%-5.54%

5

Benzo(a)anthracene 99.89 8.52 0.41 
Chrysene 99.97 13.25 0.10 

5-Methylchrysene 99.83 2.04 0.12 
Benzo(b)fluoranthene 99.89 5.87 0.37 
Benzo(k)fluoranthene 99.96 13.65 2.44 

Benzo(a)pyrene 99.95 16.04 1.17 
Dibenzo(a,l)pyrene 99.97 -0.11 0.73 

Dibenzo(a,h)anthracene 99.94 -0.18 0.72 
Benzo(g,h,i)perylene 99.95 22.18 0.75 

Indeno(1,2,3-cd)pyrene 99.87 0.53 0.08 
Dibenzo(a,e)pyrene 99.96 3.00 0.43 
Dibenzo(a,i)pyrene 99.89 -0.99 0.12 
Dibenzo(a,h)pyrene 98.79 -5.71 0.13
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5

SPE

online SPE-HPLC Dionex

[1]. U.S. EPA, Method 8310.0, Determination of Polycyclic Aromatic Hydrocarbons in Ground 

Water and Wastes. 

[2]. U.S. EPA, Method 550.1, Determination of Polycyclic Aromatic Hydrocarbons in Drinking 

Water by Liquid-Solid Extraction and HPLC with Coupled Ultraviolet and Fluorescence 

Detection . 

[3]. Dionex Corporation. Application Note 196, Determination of Polycyclic Aromatic 

Hydrocarbons (PAHs) in Edible Oils by Donor-Acceptor Complex Chromatography 

(DACC)-HPLC with Fluorescence Detection. 

RSD 
Benzo(a)anthracene 177.1* 1.84% 
Chrysene 196.4* 0.06% 
5-Methylchrysene 98.8 1.96% 
Benzo(j)fluoranthene 
Benzo(b)fluoranthene 119.9 2.68% 
Benzo(k)fluoranthene 115.0 0.31% 
Benzo(a)pyrene 80.5 1.67% 
Dibenzo(a,l)pyrene 64.8 0.42% 
Dibenzo(a,h)anthracene 75.2 0.44% 
Benzo(g,h,i)perylene 50.8 1.05% 
Indeno(1,2,3-cd)pyrene 69.9 5.45% 
Dibenzo(a,e)pyrene 46.1 0.24% 
Dibenzo(a,i)pyrene 55.5 0.57% 
Dibenzo(a,h)pyrene 153.3 2.14%
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双三元液相色谱-在线固相萃取在食品饮料中的应用

DGLC-F-A05 - -

G

G

DGLC-F-A05 Quantification of Penicillin G by HPLC-UV detection 

in Milk with on-line SPE 

Key words: HPLC; UV detection; milk; Penicillin G 

G
G

G
FDA

G
G

-
G

Ultimate DGP 3600 2500 L

: Acclaim PA2, 4.6× 250 mm(Dionex  P/N 063199) 
: LiChrospher RP-8 ADS, 25 m, 4 ×25 mm (Merck P/N 1502090001) 
30

1 mL  
191 nm 

1
2
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1

left pump  right pump

A

B

C 0.1%

2

(min)

Left Pump ( ) Right Pump ( )

(mL/min)
A%  B%  C% 

(mL/min)
A% B % C% 

0.0 

1.0 

0 6 94 

1.0 

50 0 50 
1-2

10-1

15    50 0 50 

1-2

17       

10-119 0 6 94   

20 0 20 80    

21 0 20 80    

1-2

28    0 50 50 

28.1    0 95 5 

32    0 95 5 

32.1    50 0 50 

34       

10-1

35 0 60 40    

39 0 60 40    

40 0 6 94    

46 0 6 94 50 0 50 

14000g 15min 500 L
3000 Microcon Ultracel YM-3; 3,000 MWCO;Millipore 14000

90 min
Amicon Ultra

30 4mL
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双三元液相色谱-在线固相萃取在食品饮料中的应用

1A                                          1B
1

G LiChrospher RP-8 ADS SPE 1A
G Acclaim PolarAdvantage II 1B

A
RAM

g/L G 2 3 8 g/L-80 
g/L 99.87 4

G
191 nm

    
2 3 20ng/L

4

UV detector
UV detector
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-
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双三元液相色谱-在线固相萃取在工业产品中的应用

DGLC-I-A01 - -

(LAS)

DGLC-I-A01 Determination of linear alkylbenzene sulphonate in 
textile using online solid-phase extraction followed by HPLC with UV 

detection

Key words: online solid-phase extraction; HPLC; UV; textile; linear alkylbenzene sulphonate 

LAS
10 13 (homolog)

1
Eco-Label

LAS
GB/T 23325-2009 LAS

LC-MS/MS 2 mg/kg[1]

DGLC-3600 On-line 
SPE HPLC 100 L 0.15 
mg/kg

LAS
SPE

Ultimate DGP 3600 
2                     

Acclaim® surfactant (5 m 250 mm x 4.6 mm) 
Acclaim Surfactant Guard (4.3 mm× 10 mm) 
IonPac NG1(5 m, 4 × 35mm) 

30 
225 nm                             
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(Left pump) Right pump

A ACN ACN: 100 mmol/L 

NH4OAC=7:3 v/v

pH=5B H2O

1.0 mL/min  1 0 mL/min

100 L
1     

2     

2-1 1-2 2-2 1-6
2

5 mm×5 mm 0.25 g 5 mL
75 30min 0.22 m

3 LAS LAS C10~C13 11.6
LAS 20

min
B%

-5.0 100 1-2 

0 100 6-1 

5.2 100 1-2 

6.0 0 -- 

17.0 0 -- 

18.0 100 -- 

25.0 100 -- 
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双三元液相色谱-在线固相萃取在工业产品中的应用

C10~C13

7.0 10.0 15.0 21.0
-10

20

40

60

80

100 mAU

min

LA
S-

C
10

LA
S-

C
11

LA
S-

C
12

LA
S-

C
13

WVL:225 nm

3 LAS 10 g/mL

LAS 5 g/mL~ 100 g/mL
r> 0.9991 3

0.15 mg/kg

7.0 10.0 15.0 21.0
-50

200

400

600

800

1
2
mAU

min

2
1    

   
  L

A
S-

C
10

   
   

  L
A

S-
C

11

   
   

  L
A

S-
C

12

   
   

  L
A

S-
C

13

WVL:225 nm

7.0 10.0 15.0 21.0
-50

100

200

300

400

500

1
2
mAU

min

2
1    

   
   

   
LA

S-
C

10

   
   

   
   

LA
S-

C
11

   
   

   
   

LA
S-

C
12

   
   

   
   

LA
S-

C
13

WVL:225 nm

A 20 g/g                B 20 g/g

7.0 10.0 15.0 21.0
-50

200

400

600

800

1
2
mAU

min

2

1    
   

   
  L

A
S-

C
10

   
   

   
  L

A
S-

C
11

   
   

   
  L

A
S-

C
12

   
   

   
  L

A
S-

C
13

WVL:225 nm

7.0 10.0 15.0 21.0
-50

100

200

300

400

1
2
mAU

min

2
1    

   
LA

S-
C

10

   
   

LA
S-

C
11

   
   

LA
S-

C
12

   
   

LA
S-

C
13

WVL:225 nm

C 20 g/g                D 20 g/g

4 1- 2- 20 g/g
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20 g/g 4 3
3 LAS LAS

Ultimate 3000 DGLC
online SPE Acclaim® surfactant

LAS IonPac NG1 SPE
100%

LAS

[1]. GB/T 23325-2009

g/g g/g g/g %
 95.05 10 2 105.18 101.3 
 52.3 10 2 63.23 109.3 
 7.78 20 1 31.57 118.9 

 2.84 20 1 25.58 113.7 

DGLC-I-A02 - -

(AIBN)

DGLC-I-A02 Determination of Azodiisobutyronitrile (AIBN) in 
polymer using online solid-phase extraction followed by HPLC with 

UV Detection 

Key words: online solid-phase extraction; HPLC; UV detection; polymer; Azodiisobutyronitrile  

ABIN 1

AIBN
-(CH2)2-C-CN

[1]

AIBN

AIBN
AIBN 64 100 

HPLC-UV
DMSO

DGLC-3600
On-line SPE HPLC

Ultimate DGP 3600
WPS 3000TSL( 2.5mL )

2                    
Acclaim® 120 C18 (5 m 4.6 mm×150 mm) 
Acclaim® 120 C18 5 m 4.3 mm×10 mm

20 
20 
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双三元液相色谱-在线固相萃取在工业产品中的应用

DGLC-I-A02 - -

(AIBN)

DGLC-I-A02 Determination of Azodiisobutyronitrile (AIBN) in 
polymer using online solid-phase extraction followed by HPLC with 

UV Detection 

Key words: online solid-phase extraction; HPLC; UV detection; polymer; Azodiisobutyronitrile  

ABIN 1

AIBN
-(CH2)2-C-CN

[1]

AIBN

AIBN
AIBN 64 100 

HPLC-UV
DMSO

DGLC-3600
On-line SPE HPLC

Ultimate DGP 3600
WPS 3000TSL( 2.5mL )

2                    
Acclaim® 120 C18 (5 m 4.6 mm×150 mm) 
Acclaim® 120 C18 5 m 4.3 mm×10 mm

20 
20 
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(left pump) right pump

10%MeAC+90%H2O 50%MeAC+50% H2O

346 nm 
2.5mL 

1
2

2-1 1-2 2-2 1-6
2

1.0 g 10 4 10 000 r/min
10 min AIBN 1 mL

10 mL 4 10 000 r/min 10 min

min

0 1-2 SPE

7 6-1 

13 1-2 
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双三元液相色谱-在线固相萃取在工业产品中的应用

0.0 5.0 10.0 15.0 20.0
-2.0

0.0

2.5

5.0

7.5

10.0 mAU

min

A
IB

N

WVL:346 nm

3  (AIBN) 5 g/mL

1.0 g/mL~ 10 g/mL

AIBN R> 0.9995 S/N = 3 0.1 g/mL

1 AIBN 10 mg/mL 10 g/mL

4 3

0.0 5.0 10.0 15.0 20.0
-2.0

10.0

20.0

30.0 mAU

min

A
IB

N

WVL:346 nm

4 AIBN

3 AIBN 10 g/mL n=3

min mAU*min mAU g/mL (EP)

10-un-1 12.597 1.6345 11.68 9.6722 52283 

10-un-2 12.597 1.6321 11.63 9.6577 51883 

10-un-3 12.597 1.6331 11.66 9.6640 52016 

Average: 12.597 1.633 11.654 9.665 52061 

RSD 0.000 % 0.075 % 0.204 % 0.075 % 0.391 % 
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2

HPLC 4 4

0.0 5.0 10.0 15.0 20.0
-2.0

10.0

20.0

30.0

1 S2 UV_VIS_2
2 S2 UV_VIS_2
mAU

min

2
1

   
   

   
   

   
   

   
   

A
IB

N

WVL:346 nm

5 1- 2-

4 AIBN

DMSO DMSO
DMSO DMSO 18.5 4

DMSO
DMSO

DMSO

[1]. http://hellochem.com/xz/xz1/1493yyeee.htm

g/mL g/g g/g g/g %

1.080 10.80 95.20 79.66 75.2% 
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-
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DGLC-M-01 - - -

-

DGLC-M-01 Determination of Warfarin in rat plasma by 
HPLC-MS-MS detection with online solid-phase extraction 

Key words: online solid-phase extraction; HPLC; MS-MS detection; rat plasma; warfarin 

(Warfarin)

 C18 /0.1% 50+50 v/v
308 nm

SPE
HPLC - MS/MS

Bio Trap MS C18 4.0 mm×20 mm

Acclaim PA II

Ultimate DGP 3600 
API 2000 MS/MS 2

Acclaim Polar Advantage II 5µm 4.6mm×150 mm
Bio Trap MS C18 4.0 mm×20 mm

45 
15 

10 L
1

2

90:10 10%  MS 309.2/162.9 

1
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双三元液相色谱-在线固相萃取在代谢中的应用

( )

0.1% (v/v) 

ACN (35: 65) 

pH  5.8 ± 0.05 

0.1% (v/v) /4%

pH  2.5  

1.0 mL/min  2 0 mL/min

2-1 1-2 2-2 1-6

2-1 1-2 2-2 1-6
2

3 100 ppb 4

3 4 100 ppb

min

0-1.5 1-2 

1.5-3.0 6-1 

3.0-7.0 1-2 
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5

5

SPE 200
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双三元液相色谱-在线固相萃取在代谢中的应用

DGLC-M-02 - -

DGLC-M-02 Determination of Lumefantrine in human blood plasma 
using on-line solid-phase extraction by HPLC with UV detection 

Key words: on-line solid-phase extraction; HPLC; UV detection; human blood plasma; 
Lumefantrine

[1,2]

HPLC TLC
SPE

HPLC 
LiChrospher RP-8 

RAM IonPac 
NS 1 NG 1

22 min

Ultimate DGP 3600 
2-1 2-2

2-1 SPE 2-2 SPE
NG1 2 NS1

Analytical column: IonPac NS1, 10 m 4 mm×250 mm
IonPac NG1 10 m 4 mm×35 mm

SPE  LiChrospher RP-8 ADS 25 m 4 mm×25 mm  (Merck P/N 1502090001) 
30 

335 nm 
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5 - 50 L
1

2

2-1  SPE 2-2 SPE

2

( )

A 0.05% TFA  (v/v) 
A

B 0.1% TFA  (v/v) 

B MeOH C MeOH 

1.0 mL/min 1.0 mL/min 

min min
B%

minB% C%

0 5 25 0 95 0 1-2 10-1 

6 5 25 22 95 6 1-2 1-2 

6.1 60 0 — — 8.4 10-1 1-2 

6.5 95 0 — — 9.6 1-2 1-2 

11 95 0 — — 17 1-2 10-1 

13 5 25 — — — — — 

22 5 25 — — — — — 
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双三元液相色谱-在线固相萃取在代谢中的应用

4 14000 r/min 10 min 0.45 m

/ 99.8/0.2 v/v

10 g/mL 3
100 ng/mL 4

3 10 g/mL 4 100 ng/mL

400 ng/mL 5 6

5 6 400 ng/mL
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SPE

[1]. , , , , . , ,

1990

[2]. . , 1989, 20: 372 
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双三元液相色谱-在线固相萃取在代谢中的应用

1
( )

96% / 4% 

/ 0.2% 

40%10mmol/L NH4OAC

 / 60% ACN;  pH 

7.0 

2.0 mL/min 1.5 mL/min

DGLC-M-03 - - -

-

DGLC-M-03 Determination of Fexofenadine in human blood plasma 
by HPLC-MS-MS detection with On-Line Solid-Phase Extraction 

Key words: on-line Solid-Phase Extraction; HPLC; MS-MS detection; human blood plasma;  
Fexofenadine;  

1

60-70%
60 mg 1-3

209 ng/mL
SPE

HPLC-MS/MS
Bio Trap 500 C18

Acclaim®

C8

Ultimate DGP 3600 
API 2000 2-1

2-1
2

min

0 1-2 

2.0 6-1 

3.2 1-2 

5.0 1-2  
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Acclaim® C8, 5 µm, 50 × 4.6 mm 
SPE  Bio Trap 500 C18, 20 × 4.0 mm 

40 
: 15 

20 L
1

2
1 10

SRM
502.3/262.2 389.2/201.1 

\\\\\\

2-1 2-2

2

50 µL 1000 µL
30 10000 r/min 8 min 20 µL

SRM
SRM 3 5 min
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双三元液相色谱-在线固相萃取在代谢中的应用

3 489 ng/mL

2.9 min
SRM 5 6

 5  6  

1
6 7 LQC

8
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6  LQC 7  LQC

1. LQC 2. 1. LQC 2.

2
SRM 8

389/201
LOQ

8 LOQ

LOQ
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双三元液相色谱-在线固相萃取在代谢中的应用

3 15
3 10 ng/mL 30 ng/mL LOQ 88.77%  96.84%

3

ng/mL
ng/mL

ng/mL
S.D R.S.D(%) 

%
9.78 9.11 8.41 8.80 8.77 0.351 4.002 89.67 

29.34 28.6 28.61 28.15 28.45 0.263 0.924 96.97 
48.90 49.54 49.34 53.33 50.74 2.248 4.430 103.76 
146.71 162.08 166.35 162.88 163.77 2.270 1.386 111.63 
244.51 259.55 268.04 251.24 259.61 8.400 3.236 106.18 
391.22 416.03 396.85 409.92 407.60 9.798 2.404 104.19 
586.82 585.68 613.74 626.43 608.62 20.853 3.426 103.71 
782.43 828.07 839.98 838.75 835.60 6.550 0.784 106.80 
1173.65 1171.68 1136.60 1152.89 1153.72 17.555 1.522 98.30 
1760.47 1693.9 1685.55 1662.05 1680.50 16.515 0.983 95.46 

r 0.9992 0.9986 0.9985     
0.001 0.00094 0.00094     

0.00233 0.00283 0.00115     

10 ng/mL 11.21% 20 %
10 ( 5 ) 10 ng/mL

SPE
BioTrap 500 SPE

800 10 SPE
11 SRM

20 µL SPE
800

10 SPE 11 SPE
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UltiMate 3000 - -

ICH [1] 10 ng/mL

[1]. Bioanalytical Method Validation. Food and Drug Administration Center for Drug Evaluation and Research 

(CDER). May 2001. 
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DGLC-M-04 - -

DGLC-M-04 Determination of Hydrochlorothiazide and Nitrendipine 
in rat plasma samples with HPLC-UV detection by online solid-phase 

extraction 

Key words: online solid-phase extraction; HPLC; UV detection; rat plasma; Hydrochlorothiazide; 
Nitrendipine 

1

[1, 2]

1-50 ng/mL

UltiMate 3000

Ultimate DGP 3600
2                    

Acclaim® 120 C18 (5 m, 4.6mm×250mm)

HCTZ             (NTDP)
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1

(Left Pump) 
Right Pump

pH=3.00 

1.0 mL/min

A ACN 

B

pH=3.00 

1.0 mL/min 

CAPCELL MF C8 (4.0mm×10mm)

30 
20.0

271 nm 

237 nm 

100 L

1

2

2

B%

0 80 1-2 

1.4 80 6-1

2.5 80 1-2 SPE

9 80 1-2 

10 40 1-2

10.5 40 6-1 

15 40 1-2 SPE

24 40 1-2 

25 80 1-2 

34 80 1-2 

2-1 1-2 2-2 1-6
2
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双三元液相色谱-在线固相萃取在代谢中的应用

4 10000 r/min 0.22 m

CAPCELL MF C8 CAPCELL MF Ph-1 CAPCELL MF SCX SPE
CAPCELL MF C8

SPE

SPE

HCTZ 3

SPE

SPE NTDP

0.00 1.00 2.00 3.00 4.00
-10.0

0.0

12.5

25.0

37.5

50.0 mAU

min

1 
- H

C
TZ

WVL:271 nm

3 SPE

4-1 271 nm 4-2 237 nm
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80.0 mAU
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16.00 18.00 20.00 22.00
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40.0

60.0

80.0 mAU
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N
TD

P

WVL:237 nm

4-1 3.3 ppm 4-2 3.3 ppm

 5 10 20 50 100
500 2000 ng/mL 300 L 4 10000 r/min 0.22 m

100 L HPLC

1/C
A=0.0061C-0.0047 R=0.9991 A=0.0047C+0.0060 R=0.9991

5 ng/mL 5 ng/mL 3
2.5 ng/mL 2 ng/mL

5-1 5-2

0.0 5.0 10.0 13.0
-10.0
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60.0

80.0 mAU
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1 
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Q
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100 L 3 HPLC 2

3 4

2.5%

3  (n=3) 

(ng/mL) SD±C RSD (%) SD±C RSD (%) 

10

50

500

9.52±0.18 

52.83±0.48 

496.34±4.96 

1.9% 

0.9% 

1.0% 

9.20±0.20 

51.20±0.51 

484.36±5.81 

2.2% 

1.0% 

1.2% 

4  (n=3)

(ng/mL) SD±C RSD (%) SD±C RSD (%) 

20

200

2000

21.04±0.21 

198.51±1.59 

2032.54±10.16 

1.0% 

0.8% 

0.7% 

20.82±0.27 

192.11±1.73 

2011.13±20.11 

1.3% 

0.9% 

1.0% 

3

100 L HPLC 5 6

SPE

SPE

5  (n=3)

(ng/mL) SD±C (%) RSD (%) 

10 9.52±0.18 92.0% 1.9% 

50 52.83±0.48 104.4% 0.9% 

500 496.34±4.96 94.5% 1.0% 

6  (n=3)
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 (ng/mL) SD±C (%) RSD (%) 

20 21.04±0.21 94.9% 1.0% 

200 198.51±1.59 84.9% 0.8% 

2000 2032.54±10.16 80.2% 0.7% 

UltiMate 3000 

CAPCELL MF C8
-

[1]. 2005

[2]. 2005
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DGLC-M-05 - -

DGLC-M-05 Analysis of Antimycotic Drugs in Biofluids by On-Line 

SPE-LC with UV detection 
Key words: on-line SPE; HPLC;UV detection; biofluids; Antimycotic Drugs 

/ SPE

SPE-HPLC
Dionex SPE-HPLC                    

Ultimate DGP 3600 2500 L

FK7400 Recipe GmbH
Acclaim 120 C8,  3 µm, 150×4.6 mm 
Acclaim 120 C8 5µm  10×4.3 mm 
 LiChrospher ADS RP-4 25 µm 25×4 mm 15000

40
260 nm 

100 μL
1

2
1

left pump  right pump

A

B

C 0.01 mol/L

2
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(min)

Left Pump ( ) Right Pump ( )

(mL/min)
A%  B% C% 

(mL/min)
A% B % C% 

0.0 

1.2 

0 45 55 
2

98 2 0 
1-2

2.0 0 45 55    

2.1    

1

   
1-6

9.0 0 85 15 98 2 0 

9.1    10 90 0 

1-2
10.0 0 45 55 10 90 0 

10.1    
2

98 2 0 

13 0 45 55 98 2 0 

-20 15000 g 10 min

RAM-SPE
SEC RP

on-line SPE

Choromeleon

SPE-HPLC 1
SPE

1
1

1

1 On-line SPE-HPLC

1-
13min 2 3

RAM-SPE 100uL 300
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1  1015 g/L;  2  980 g/L;  3 1-  1254 g/L;  4  1327 g/L

2

1  322.9 g/L;   3 1-  24.3 g/L;  4  74.3 g/L

3
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