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�� �� !"# $%&'()*+, -./01.2=�� 

�� �� !�� !�� �� !"#�� !�� 

�� !�� !"#$%&'�� !"#$%&'(�

�� !"#$!%&�� �� !"#$%&'()*

�� �� !"#$%&'()*+),�� !"#$

�� !"#$%&�� !"#$%�

� �� !"#$%&'�()�� !"

� �� !"#$ ée��

� �� �!"#$%&'()*+

� �� !"#$!%&'()*+,

� �� !"#$%&'

� �� !"#$%&'()*+,-.

� �� !"#$%&'( !")*+,

�� !

�� !"#$%&'�� !"#$%&'()�� !

�� �� !"#$%&'()*+,-

�� !

�� !"#$%&'()*+,-./#Eemi`JrsJ

a^a�emi`JjpF�� !"#$%&'()*&+,-.

���� !"#$%&'()*+,-./

1



 
 

3

�� ! ��

�� � 300 x 7.8 mm BioRad
HP x 87-H, 9 µm

���: 0.0035 M H
2
SO

4

���: 0.6 ml/min

��: 65�

�� !: 10 µl

�� � UV-DAD
192 nm OR 210 nm

1. ��
2. �� 
3. �� 
4. �� 
5. �� !
6. �� 

�� !"#$%��

���: 0.007 M H2SO4

�� 

�� : UV-DAD

� 2
��� !"#$%&'

� 3
�� !"#$%&'

�� 

�� !"#$%&'

�� : 100 ng�� !� / �
� = 2��� !"#
2 ppm�� ! 50 µl

�� :
10�� !"#$% < 0.1 %
�� !"#$(RSD)
10�� !"#$% < 3%
�� !"#(RSD)

7. ��
8. ��

9. ��
10. ��
11. ��

12. ��

�� 
��

4. Official Methods of Analysis, Food Compositions; Additives, Natural
Contaminants, 15th ed; AOAC: Arlington, VA, 1990, Vol. 2.; Official Method
AOAC 986.13: quinic, malic, citric acid in cranberry juice cocktail and
apple juice.

��

�� !

��
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�� !

1

�� !"#$%&"'(")*+,WQ

�� !"#W

� �� `

� �� b

�� !"#

� OIS�� !"#$%E_eqF

� �� !"#$E_e^F

� �� !"J�� !Eq_enF

� O�Q�R�� !"#$Eqe_mF

� �� !"#EmdF

� �� !"#EldF

� �� !"#EadF

� Q�� ! "OKS��E�� F��Efçåç�JNMMF

� åçêÇáÜÖÇêçÖì~á~êÉíáÅ=~ÅáÇ=Ekad^F

� PKPJ�� !"Eqlm^F

� �� !"# $E^`mF

�� !"#$%&'()*+%,-�� !"#$%&

�� !"�� !"#$�� !"#$%&'()E��

�bF�� !"E�� `F��� !"#$%&'()*+

�� !�� !"#$%&'()*+�� !"#$%

�� !"#$%��  !"#$%&'()*+,-�

�� !"#�� !"#$%&'()*+,-.�� 

�� !"#$%&'()*+

�� !

�� !"#$%&'()*+�,-./01�� !"

�� !�� !"!#$%&'()*�� !"#$%

���� !"#$%��� !"�� !"#$
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�� !

�� !"#$%&'()*+,-./01234567

�� !"#$%&'()*+,�� !"#$%&'(

�� �� !"#$%&'()*+,

�� !� �� !"#$%

�� : 100 x 4 mm BDS, 3 µm
���� A =� + 0.2 ml

H
2
SO

4
, pH = 2.54

B= ��

�� !: �� 10 % B,
� 3 �� 60 % B
� 4 �� 80 % B
� 11 �� 90 % B

��: 0.5 ml/min
�� !" 4 ��

��: 30�
�� !: 5 µl
�� : UV-DAD,

�� !

260/40 nm
�� !

600/100 nm

1. �� C
2. �� !"#
3. 2,4,5-�� !"#
4. �� !"#$
5. �� !"#$
6. 4-�� � -2.6-�� !"#
7. 2, 6-�� !"#$
8. �� !"#$%

�� !"#$%

�� 0.1 - 2 ng (�� ),
S/N = 2

�� �

10�� !�� !" < 0.2 %
�� �� !(RSD)
10�� !�� !" < 1 %
���� !(RSD)

� 4
�� !"#$%&

4. Official Methods of Analysis, Food Compositions; Additives, Natural
Contaminants, 15th ed; AOAC: Arlington, VA, 1990, Vol. 2.;
AOAC Official Method 983.15: Antioxidants in oils and fats.

 

�� !"#

��
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�� 

1

�� !"#$%&'()*�

� �� 

� �� 

� ��

� �� !"#"$%�� !� Q

�� !"#$%&'!(��)*+ ,-.$-/0�

�� !"#$%&!'(!)'*+�� !"#$%&

�� !"#$%&'()*+,-�� !"�� !"

���� !"# $%&'()*+,�� !"#$%

�� !"�#

�� !

�� !"#$%&'()�� !"*+,-./0��

�� !"#�� !"!#$%&'�� !"#$%&'

�� !"#$%��� !"#$%&'()
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�� !"#$

�� !"#$%&'#()*Eemi`Ja^aF�� !"#

�� !"#$%&'(�� !"#�� !"#$%&

�� !"#$%&�� !"#$%&'()*+,

4. Official Methods of Analysis, Food Compositions; Additives, Natural
Contaminants, 15th ed; AOAC: Arlington, VA, 1990, Vol. 2.; AOAC
Official Method 979.08: Benzoate, caffeine, saccharine in carbonated
beverages.

�� !� �� !"#� Carrez
�� !"#$�� !

�� !"#

�� � 125 x 4 mm,
Hypersil BDS, 5 µm

�� � A =� + 0.2 ml
H2SO4, pH = 2.3
B = ��

��� �� 10 % B
� 3 �� 60 % B
� 4 �� 80 % B
� 6 �� 90 % B
� 7 �� 10 % B

��� 2 ml/min
�� !"� 1 ��

��� 40�
�� !� 2 µl
�� � UV-DAD,

�� !

260/40 nm

� 5
�� !"#$%&'()*+,�� !"#$%&'

�� � 10 ppm, S/N = 2
�� �

10�� !�� ! < 0.1 %
�� !(RSD)
10�� !�� < 3 %
�� !(RSD)

��

�� !

�� 
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�� !"

1

�� !"#$%&'()*+,"-./012

� ~ÅÉëìäÑ~ã

� �� !"#$%&

� ��

�� �� !"#$%&'()*+,-./0�� !

�� !" #$%&'()*+,-'./012'34

�� !"�� !"#$%&�� !"#$%&'()

�� !"#$%&'

�� !

�� !"#$%&'()�� *+,-./0�� !

�� !��ée�� !�� !"#$%&�� !"#

�� !"#�� !"#$%� L�� !"#$%
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5. A.M. Di Pietra et al., �HPLC analysis of aspartame and saccharin
in pharmaceutical and dietary formulations�;
Chromatographia, 1990, 30, 215-219.
4. Official Methods of Analysis, Food Compositions; Additives, Natural
Contaminants, 15th ed; AOAC: Arlington, VA, 1990, Vol. 2.; Official
Method AOAC 979.08: Benzoate, caffeine, saccharin in soda beverages.

�� !"#

�� !"#$%&'()*+,-./0123�� !

�� !"#$%&'�� !"#$�� !"#$��

�� !"#$�� !"#$%&'()*+%,

�� !"� �� !(OPA)
�� !(UPA)

�� � 100 x 2.1 mm,
Hypersil ODS, 5 µm

�� � A = 0.01 mm
�� 

B = ��

�� !� �� 5 % B
� 5 �� 25 % B
� 10 �� 35 % B
� 13 �� 55 % B
� 18 �� 80 % B
� 20 �� 95 % B

��� 0.35 ml/min
�� !"� 5 ��

��� 40�
�� !� 1 µl
�� !"#$

1. Draw 5.0 µl from vial 3 (borate buffer)
2. Draw 0.0 µlfrom vial 0 (water)
3. Draw 1.0 µl from vial 1 (OPA/MPA)
4. Draw 0.0 µl from vial 0 (water)
5. Draw 1.0 µl from sample
6. Mix 7 µl (6 cycles)
7. Inject

�� �

UV-DAD: �� !

338/20 nm
���� � �� !

230 nm
�� !

445 nm

�� !"#$%&'

�� �

�� !"� 200 pg(�� )
S/N = 2

�� !"#$%� 1 ng (�� )
S/N = 2

�� �

10�� !�� ! < 0.1 %
�� !(RSD)
10�� !�� ! < 5 %
�� (RSD)

� 6
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�� 

1

�� !"#$% bNMQ�� ! bNPN�� !"#$%&

���� !"#$%&'()*+,-./01�� !

���� !"#$

� �� !"#$%&'("

� �� !"#$

� �� !"#$%&'()*+,-.

�� !"#$%&'()*+,-."/012)3+4

�� !"#$%&'()�*+,-./0123�45

���� �� !"#"$%&��'($%)*+,-

�� !"�� !"#$%&'()*+$%,�� !

�� !"#$%&'()*+,-./0�� !"#$

�� QMM=åã��� !"#$%&' RMM=åã��� �

�� !"#$%&'(SMMJTMM=åã��� !"#$%&

�� !�� !"#$!%&'()*+,-.%&'(

E�� !"#$F��� !"#$%&'()*+,-.�

�� !"#$�� �� !"#$%&�� !" #

�� !"#$%&'()*+,�� !"#$%&'(

�� !"#$�� !"#$%&'()*+,

�� !

�� !"#$�� !"#$�� !"#$%&'MKNB

�� � RMB�� !"#$%&'�� !"#$%&�

�� !"#$%&'()*+,-.EïççäJcáÄÉêF��� 

�� !"�#$�� !"#$�%&'( )*+,
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�� !

�� !"#$%&'()*+*,-./01234��

�� !"#$%&'()*

� 7
�� !"#$%&'()*�� �� �� !�"
�� !"# 

�� !� �� !"

�� !"#

�� � 125 x 3 mm,
Hypersil BDS, 3  µm

�� � A = 0.01 M ��

�� + 0.001 M
�� !"#$%&

pH = 4.2
B = ��

�� !� �� 15 % B
� 10 �� 40 % B
� 14 �� 90 % B
� 19 �� 90 % B
� 20 �� 15 % ACN

�� !� 20 ��

�� !"� 4 ��

��� 0.8 ml/min
��� 40�
�� !� 1 µl
�� UV-DAD

�� A: 254/50 nm (for
optimization of
separation)
�� B: 350/20 nm
�� C: 465/30 nm
�� D: 600/40 nm

�� !"#$%&'

�� � 2 ng(�� )�
(�� UV-DAD) S/N = 2
�� �

10�� !�� ! < 0.2 %
�� !"

10�� !�� ! < 3 %
�� !

4. Official Methods of Analysis, Food Compositions; Additives, Natural
Contaminants, 15th ed; AOAC: Arlington, VA, 1990, Vol. 2.; Official
Method AOAC 981.13: Cresidine sulfonic acid in FD&C Red No. 40;
Official Method AOAC 982.28: Intermediates and reaction by-products
in FD&Y Yellow No. 5; Official Method AOAC 977.23: 44�(Diazoamino)
dibenzene sulfonic acid (DAADBSA) in FD&C Yellow No. 6;
Official Method AOAC 980.24: Sulfanilic acid in FD&C Yellow No. 6.
6. A.G. Huesgen, R.Schuster, �Sensitive analysis of synthetic colors
using HPLC and diode-array detection at 190-950 nm�,
Agilent Application Note 5964-3559E, 1995.

0 2 4 6 8 10 12 14
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red

Tartrazine
yellow
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�� !

1

�� !"#$%&'()*+",-.

� �� !"# E�� !"#$%F

� ��

� QIRITJ�� !"#$%&'E�� !"#$F

�� !"#$%&'(&)*�� !" #$%&'�

�� !"#$%&'()*+*,-./0)1�� !

�� !"#$%&'()*+,-.+/0123-4+5

�� !

�� !"#$%&�� !"#$%&'()��� !

���� !"�#$ %&'(

��
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13

�� !

�� !"#$%&'()&*+,-=�� !"#$%&

�� !"#$%

� 8
�� !"#$%&'

�� !� �� !

�� � 100 x 4 mm,
Hypersil BDS, 3 µm

�� � A =� + 0.05 ml
��(�)�pH = 2.3
B = ��

�� !� �� 10 % B
� 3 �� 40 % B
� 4 �� 40 % B
� 6 �� 80 % B
� 7 �� 90 % B

��� 0.8 ml/min
�� !"� 3 ��

��� 30�
�� !� 5 µl
�� UV-DAD

�� !

280/80 nm
�� !

360/100 nm

� 9
�� (cognac)�� !"#$
�� !"#$%&'(

�� !"#$%&'()*

�� � 0.2-5 ng(�� )�
S/N = 2

�� �

10�� !�� ! < 0.2 %�

�� !"

10�� !�� ! < 1 %
�� !

Time [min]
0 1 2 3 4 5 6 7

Norm.

0

100

200

300

400

 
Vanillin alcohol

 4-hydroxy benzoic ac id
Vanillin
 

4-hydroxybenzaldehyde

 

Ethyl-
vanill in

 

Coumarin

�� !"#$�� !"#

�� � 100 x 2.1 mm,
Hypersil ODS, 5 µm

�� � A = � + 5 mM
NaH

2
PO

4

B = mathanol
�� !� � 10 �� 70 % B
��� 0.4 ml/min

7. Herrmann, A, et al.;,�Rapid control of vanilla-containing products
using HPLC�; J. Chromatogr., 1982, 246, 313� 16.

��

�� !"

��

�
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1

0.5 1 1.5 2 2.5

mAU

-5

0

5

10

15

20

Hesperidin

Time [min]

Nari ngenin

� 10
�� !"#$%&'(

�� !� �� !"#$

�� !Carrez
�� 1 � 2

�� � 125 x 4 mm,
Hypersil BDS, 5 µm

�� � A =� + 0.15 ml/l
��(�)�pH = 2.4
B =��

�� !� �� 20 % B
� 3 �� 40 % B
� 5 �� 90 % B
� 6 �� 20 % B

��� 2 ml/min
�� !"� 1 ��

��� 40�
�� !� 1 µl
�� UV-DAD

�� !

260/80 nm
�� !

380/80 nm

�� !"#$%&'()

�� 1 ng (�� )
DAD, S/N = 2
�� �

10�� !"#$% < 0.2 %
�� !

10�� !"#$ < 1 %
�� !

�� !"#$%&'(#)*+,

�� !"#$%`~êêÉò=N� O�� !"#�� !"#

ÑÉêêçÅó~åáÇÉ�� !"#$%&'()*

�� !

�� !"#$%&'()(*+,-./0�� !"#

�� !"#$%&'()*&+

�� !"#$�
��� 4,5,7
�� !"#

8. Official Methods of Analysis; Horwitz, W., Ed.; 14th ed.;
AOAC: Arlington, VA, 1984; secs 12.018-12.021.

��

��



� 2 �

�� !"
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�� !"#
�� !"#$
�� !"

�� !"#$%&'()�� !"#$%&'#$()*

�� !"#$ÉíÜçé~Ä~í��� !��� !"#$%�

�� �� !"�� !"#$%&'()*+,-*.

�� !"#$%&'()*�� !"#$%&�� �

�� !"#$%&'()*+�� !"#$%&'()�

�� !"#$%&'()*�� !"#$%&'(%)

�� !�� !"#$%�� !�� !�"#�� 

�� !"#$%&�� !"#$%&'()*+,$-.

�� !"#$%&'()*+,�� !"#�� !"

�� !"#$�� !"�� �� !"#$%&'(

�� !"#$%&

�� !"#$%&'()*+,-./0*+%1234

�� !"#$%&'()*+,�� !"#$%&'(

�� !"#$ NN�� VINM��� ��� ! ÄÉåòçíÜá~J

òìêçå�� !"#

�� !

�� !"#$%&'()��ée���� !"!#$%

�� !"#$%�� !"#$�� !"#

2
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�� !

�� !"!#$%&'()*+,-./0123401

�� �� !"#$%&'()�� !"#$%&'(

�� !"#$

� 11
�� !"#$%&'(�� !"#$
�� !"#

1. �� 
2. ��� !"#$
3. �� !
4. �� �� !"#$%

�� 0.001 - 0.05 mg/kg
�� �

10�� !�� !" < 0.12 %
�� �� !(RSD)
10�� !�� !" < 1.5 %
���� !(RSD)

�� !� �� ! 9 ��

�� !

�� � 250 x 4.6 mm,
Spherisorb ODS-2, 5 µm

�� � A = 0.02 M�� !
pH = 4.8 B = �� /
� (60:40)

��� start with 8 % B
at 5 min 8 % B
at 7 min 20 % B
at 14 min 23 % B
at 16 min 33 % B
at 19 min 40 % B
at 21 min 50 % B
at 26 min 60 % B
at 30 min 80 % B
at 33 min 90 % B
at 43 min 90 % B
at 55 min 8 % B

��� 1.5 ml/min
�� !� 20 µl
�� UV-DAD

�� !

275/80 nm, 315/80 nm,
360/80 nm,
�� !

500/100 nm

9. H. Malisch, et al., �Determination of residues of chemotherapeutic
and antiparasitic drugs in food stuffs of anomaly origin with HPLC and
UV-Vis diode-array detection�, J. Liq. Chromatogr., 1988, 11 (13),
2801-2827.14.
10. EC Guideline 86/428 EWG 1985.

5. �� !
6. �� !
7. �� 
8. �� !"#$%&

9. 3-ethopabat
10. benzothiazuron
11. ��

�� ! �� !

�� !

��
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2
�� !"#$%&'()*+,-./0123�� !

�� !�� !"#$%& '(

�� !

�� !"#$%&'()*+�� !"#$%&'()

�� !�� !L�� !�� !L�� !"#�� 

�� ! NO�

�� !

�� !"#$%&'()*+,-./01 L�� !"

�� !"#$%&'()*+,�� !"#$%&��

�� !"#$%&'()*+,

� 12
�� !"#$%&'()*+,�� !"#$
�� !"#$%!"&'(

�� !"#$%&'

�� �

�� UV-DAD 100 ppb
�� �

10�� !�� ! < 0.2 %
�� !"

10�� !�� ! < 2 %
�� !

�� !"

250 400

370 ppb

6

5

4

3
2

1

0
2 4

Time [min]
6 8

3

2

1 Library match 980

Wavelength [nm]

9. H. Malisch et al., �Determination of residues of chemotherapeutic and
antiparasitic drugs in food stuffs of anomaly origin with HPLC and UV-Vis
diode-array detection� J. Liq. Chromatogr., 1988, 11 (13), 2801-2827.14.
11. M.H. Thomas, J. Assoc. Off. Anal.; 1989 , 72 (4) 564.
12. Farrington et. al., �Food Additives and Contaminants, 1991, Vol. 8, No. 1, 55-64�.

�� !� 1g�� 100 mg
�� !"

➔ �� 1 ml 30 % �

�� 0.1 ml � oxalic
�

➔ �� 4 ml�� �

�� !"# 5 ��

➔ �� !"#$

10 ml
➔ ��

➔ �� !"

�� � 100 x 4 mm,
Hypersil BDS, 3 µm

�� � A =�, pH = 2.1
(�� !")
B =��

��� �� 15 % B
� 10 �� 60 % B

��� 0.5 ml/min
��� 25�
�� � UV-DAD

�� !

355/20 nm
�� !

600/100 nm

�� 1.8 ng �� 

��

��
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�� !"#$%&'()*+)" NV�� �� N�O�

P�� !"#$%&�� _N�_O�_P�� NP�� �

�� !""#$%&'()*+,

�� !"#$%&'()*�� !"#$%&'(_O�

_P�� !"#$�� !"#$%&'()**#+,-

�� !"#$�� !"#$%&'()*+$,�� 

�� !"#$%&'()*+,-./0123�� !

�� !"#$%&'()*%$%+,�� !"#$�

�� NRMJSUM=~ãì�� ! NMM=s�� !"#

�� !

�� ! NP�

�� !

�� NNMM�� !"#$%&'()*+,-./01�

�� �!�"#$%&'ORM=éÖ��� !"#$%&'

�� !"#$�� NNMM�� !"#$%&'$'()

�� !"#$�� !"#$%&'()�� !"#$

�� !ENRM=~ãì� UMM=~ãìF��� !"#$%&'(

NM��

�� !"#
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13. Lebensmittel- und Bedarfsgegenständegesetz, Paragraph 35, Germany.

�� !"#$

�� � Zorbax Eclipse:
XDB-C18,
2.1 mm x 150 mm,
5 µm

�� � A = 5 mm�� pH = 3
B =��

��� �� 33 % B,
8 �� 60 % B
9 �� 33 % B

��� 0.25 ml/min
�� !� 5 µl
��� 40�

�� !"� �� ��� !"#$

�� !"#$%&��

�� !

�� !"� 30 psig
�� !"� 350�
�� !"� 6 l/min
�� !"� 4000 �

�� !� 100�

�� !� 120-820 amu

� 13
�� !"# 230V� 100V ���� !B1, B2� B3�� !

� 14
�� !"#$%&'(�� !"#$%&'(")*
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�� !"#$ �� !d
O
�d

N
�_

O
�_

N
�j

O
�j

N
��� !^��� !

�� !"#$%&'()*+,-./

�� !" #$%&�� !"#$%&'�� !"#

�� !"#$%&'(�� !"#$%&�� !"#

�� �� !"#$%&'()*�� !"#$%#&

�� !�� !"#$%&'()%*+,NMM���� 

�� !"#$%&'()*+,-./0�� !"#$

�� !"#$%&'()*+�� !"#$%&'( 

�� !"#$%��&'(�)*+�� !"#$%&

�� !"#$%&'�� !"#$%&'()*+,#

�� !"#�� !" ééÄ�� 

�� !

�� !"#$%&'( &) NP�� �� !"#$%

�� !"#$�� !"#$%&'()*+,-./�

�� !"#$%&!'()*+,-./01

�� !

�� !"#$%$&' L�� !"#$%&'()*+

�� !"#$%&'(�� !�� !"�� !"�

���� �� !" #$%&'()*+',-.
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2

* Lebensmittel- und
Bedarfsgegenständegesetz, Germany

** 100 % B is recommended for cleaning
the column

�� ! �� �� ! �� !

�� ! �� ➯ �� ! Hypersil ODS, 100 x 2.1 mm, 3-µm
G2, G1, B2, B1, �� �� ! 8,12 � /�� /��(63:26:11)**
M2, M1 �� ! ���0.3 ml/min (25�)

�� �� !"(DAD): 365/20 nm
�� �� !"(FLD):

�� ! 365 nm
�� ! 445 nm

�� !A �� �� ➯ �� !"# Lichrospher 100 RP18,125 x 4 mm,
�� �� ! 8,12 5-µm

➯ ��  ! 2%�� !" / ��(1:1)*
➯ �� !" ���1 ml/min, 40�
➯ SiO2�� �� !"��� ! 347 nm
�� / �� �� ! 480 nm
(9:1)��

�� !"# �� ➯ �� !" Hypersil ODS, 100 x 2.1 mm, 3 µm
➯ C18�� ! � /�� /��(5:4:1)��� !" *
➯ �� / ��(95:5) ���0.45 ml/min (45�)

�� �� !"#$%�236/20 nm
➯ AOAC 985.18:4 �� !"��� ! 236 nm

° -�� !" �� ! 464 nm
�� !"#$%

�� ! �� ! ➯ � Extrelut�� ! Superspher RP18, 125 x 4 mm,
�� ➯ �� !" 4-µm�����(5:95)

➯ �� / �� ���0.6 ml/min (40�)
��(3:1)�� �� !"#$%�270/20 nm

��

Lichrospher diol 125 x 4 mm, 5 µm
�� /�� (95:5)��� !"
���0.6 ml/min (30�)
�� !"#$%�270/20 nm
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13. Lebensmittel- und Bedarfsgegenständegesetz, Paragraph 35, Germany.
4. Official Methods of Analysis, Food Compositions; Additives, Natural
Contaminants, 15th ed; AOAC: Arlington, VA, 1990, Vol. 2.; AOAC Official
Method 980.20: aflatoxins in cotton seed products; AOAC Official Method
986.16: Aflatoxins M1 , M2 in fluid milk; AOAC Official Method 985.18:
a-zearalenol.

 

DAD: 365 nm
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Pistachio nut
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8

�� !"#$%&'

�� 1-5 µg/kg
�� �

10�� !"# < 0.12 %
�� !"#$

10�� !"# < 1.5 %
�� !"#

�� !�UV-DAD 1-500 ng
FLD: 30 pg - 2 ng

� 15
�� !"#$%&'()*+,-

� 16
�� !"#$%&'()*+,-./01

�� !"

�� !
�� !
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2

�� A�� !"#$ ��^�� !"#$%&'()#*+,-./0E�� 

���� !"#$�� !"F��� !"#$%&#'

�� !"#$�%&'�� !"#$$%&'()*!

����^�� !"#$%&'()*+,�� !"#

�� !"

�� !"#$�� !^�� !"#$%&'()*+

�� !"�� !"#$%&'(�� !"#$�� 

�� !"#$%&�� !"#$%&'()*N=ãÖLâÖ

�� 

�� !

�RMLRM��L�� !"#$E�� F�� !"#� S

�� 

�� !

�� !"#$NNMM��L�� !"#$^�� !"#

�� !"#$�� !"#$%&'()*+,-./0

�� !"#$%&'(
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LC/MS ��

�� Zorbax Eclipse
XDB-C8,
2.1 mm x 50 mm,
5 µm

�� � A = 5 mM�� !"#
pH = 3
B = ��

�� !� 0 �� 25 % B
5 �� 50 % B

��� 300 µl/min
�� !� 1 µL
��� 40�
�� UV-DAD

�� ! 210/6 nm
�� ! 360/60 nm
�� ! 254/6 nm
�� ! 360/60 nm

�� � �� !�� !"

�� !"� 50 psig
�� !"� 350�
�� !"� 3500 V
�� !(Fragmentor): 70 V
�� !(m/z): 250-400
�� !� 2 s/scan

� 17
�� !"#$0.2 ppm��A�� !"#$%& �� !1 µµµµµl

� 18
�� !"#$ 20 ppm �� A�� !"#$%&�� ! 1 µµµµµl
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2

�� !

14. Specht, W. � rganochlor- und Organophosphor-Verbindungen sowie
stickstoffhaltige sowie andere Pflanzenschutzmittel � DFG-Methoden-
sammlung, 1982, 19.

�� !"#$%&'()*+,��� �� !"#$

jÉíÜ~ÄÉåòíÜá~òìêçå��� !�� !�ãÉêÅ~éíçÄÉåòçJ

íÜá~òçä��� !"#$%&'()*+,-./�� !

�� !"#$%�� !"#�� !"#$%&'()

�� !"#�� !"#$%&'&()*+,-./0

�� �� !"#$ %&'()*+,-��  !"

�� !"#$%&

�� !

�� !"#$%&'()*�� +,-�� !"#�

�� !"#$�� !"#$%�� !"# L�� !

�� !"#�� !"#$%&'()*+
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�� !"#

�� !"#$%&'()*&+,-./ 01234

�� !� �� !"#$�� /�
�� �� !"#$%

�� !"#$�� 

� /��� !"#��

�� !"#$% 14�
�� � 100 mm x 3 mm,

Hypersil BDS, 3 µm
�� � � / ��(95:5)
�� !� � 10 �� 25 % ��

� 26 �� 42 % ��

� 34 �� 60 % ��

�� !� � 10�� � 100 %
�� !

�� !"� 6 ��

��� 0.5 ml/min
��� 42�
�� !� 3-10 µl
�� UV-DAD

�� ! 214/15 nm,
230/20 nm�245/20 nm
�� ! 400/80 nm

� 19
�� !"#$%&'()*+,
*�� !"#$%&'(�� 40%

� 20
�� !"#$%&'()*

�� !"#$%

�� 0.01 µg/l
�� �

10�� !�� !" < 0.2 %
�� �� !(RSD)
10�� !�� !" < 1 %
���� !(RSD)

Time [min]
10 15 20 25 30 35 40
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�� ! *
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3�� !
�� 

�� (�� )

�� (�� )
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2

15. �A new approach to lower limits of detection and easy spectral
analysis�Agilent Primer 5968-9346E, 2000

�� !"#$

�� !"#$%&'()*+,J�� !"#$%&'

�� !"#$%&'NR��� !"#$%&'()�� 

ée�� �� !�"#$%&'()*+,-./01

�� !"

�� !"#$%&'

�� � 100 ppf, SIN = 2
�� �

10�� !"#$% < 0.1 %
�� !"

10�� !"#$! < 0.5�5 %
�� !

�� !� �

�� � 250 x 4 mm C18 ���

�� !(pickering), 5 µm
�� � � /��

(�� 88:12)
�� !� � 2 �� 12 % ��

� 42 �� 66 % ��

� 46 �� 66 % ��

� 46.1�� 100 % ��

� 49 �� 100 % ��

��� 0.8 ml/min
��� 37�
�� !� 10 µl�� 
�� !�

�� ! 230 nm � 330 nm
�� ! 425 nm
�� !"�12
�� !�4 �

�� !"#�

�� !"#$%&'()

0.3 ml/min (NaOH)
�� !"#$%#&'�

0.3 ml/min (OPA)

� 21
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29

16. R. Schuster, � A comparison of pre- and post-column sample
treatment for the analysis of glyphosate�,  Agilent Application Note
5091-3621E , 1992.

�� !"

�� !��� !"#$%&'()* L�� !"#$

�� !"#$%&

�� 

�� !� �

�� � 150 x 4 mm�� 
�� !�(k+)��

pickering, 8 µm
�� � A = 5 mM�� !"#

pH=2.0
B = 5 mM�� !

��� 0.4 ml/min
��� � 15 �� 0 % B

� 17 �� 100 % B
��� 55�
�� !� 50 µl ��

�� !"�

�� !�230 nm � 330 nm
�� !�425 nm
�� !"!#�12
�� !�4 �

�� !"#�

�� !"#$%&

�� 0.3 ml/min (OH)
�� !"#$%&'

�� =0.3 ml/min (OPA)

� 22
�� !"#$%

�� !"#$%

�� 500 ppt
�� �

10�� !�� !" < 0.8 %
�� �� !(RSD)
10�� !�� !" < 2.2 %
���� !(RSD)
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� 3 �

�� !"#$%

�� 
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�� !"#$

3

�� !�� !"#$� !"%&'()*+,-./

�� �� !"#$%&'()*+,-./012�� 

�� !"#$%&'()*+,-./012345��

�� !"#$"%&'()*+�� !"#$%&'(

�� L�� !"#$% !&'()*+�� �� !

�� �� !"#$%&'()*+,-

�� !

�� !"#$%&'(�� !"#$%&'(�� !

�� !"#�� !"#$%&�� !"#$
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Time [min]
2 4 6 8 10

mAU   

-20

0

20

40
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80

100
F

Cl

Br
H PO

Cl   = 15 ppm 

NO   = 0.9 ppm3  

NO2 4

SO   = 40 ppm4

SO4NO3

HCO3-

- 
- - 

- - 
- 2

2

-

-
- 2

- 2

�� !

�� !"#$%&'(&)*+,-./01

� 23
�� !"#$%&'()*+,-.

�� !� ��

�� � HP-IC(�� !
�� !)

�� � � / ��(86:14)�
pH=8.6
(�� !"#$%&')

��� 1.5 ml/min
��� 40�
�� !� 25 µl
�� UV-DAD

�� !

266 nm

�� !"#$%&'

�� �

(UV-DAD) 0.1-1 ppb (S/N=2),
25 µl

�� �

�� 10�� !" < 0.8 %
�� !"#$%

�� 10�� !" < 1 %
�� !"#$

�� 

��
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3

.

100

120

140

160

180

2 4 6 8 10 12 14

I -

Time [min]

mV

I -

�� !"#$%&'()

�� !"#$%& L�� !"#$%&'()*+,-
NT�

�� !"#$%&'

�� �(�� !"#$) 40 µg/L
�� �

10�� !"#$% < 0.1 %
�� !"

10�� !"#$ < 3 %
�� !"

�� !� 50 pg� 150 ng

�� !� �� !"#$

�� � 200 x 4 mm,
Sperisorb ODS2, 5 µm

�� � 5.2 g K2HPO4 /L+ 3 g
�� !"#$% /L�

�� / ��(85:15)
��� 1 ml/min
��� �� 24�
�� !� 0.1 µl
�� : �� !"#(ECD)

��� �� !"

�� !"� 1V
�� !� �� 

� 24
�� !"#

17. A.G. Huesgen, R. Schuster,�Analysis of selected anions with HPLC and
electrochemical detection�, Agilent Application Note 5091-1815E, 1991.

��

�� 
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�� !(Lipids) �� !"#$%&'()*+(),-./01�� !

�� !"#$%&'()*�� !"#$%&�� !

�� !"#$%&'()*+,-./01�2�� !

�� !"#$%&'#($)*+�,-�� !"#$

�� !"#$%&'&()*��  !"#$%&'(

�� !"#$

�� !"#$% L�� !"#$%&'()*+,-.

�� !"�� ! "#$�� !"#$�� !"#

�� !"#$%&'()*+*,-./0123342

�� !"#$�� !"#$%&'!()*+,-.#

�� !"�� !"#$%&'()*+&,-. /0

���� !"#$%&'()*+�� !"#$%&'

�� !"#$%&'()*+,-./0123456$

�� !

�� !

�� !"#$%�� !"#$%&�� !"#$%&

�� ! NT�

�� !"#$%&'()
�� !"#$%&'(
�� !"#$%&'

�� !"#$%
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mAU
Olive oil

LL
L
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0

00
L

00
0

S0
0 LL
0

LL
0

00
L

00
0

S0
0

� 25
�� !"#$% &$'() *+,�240 nm�� !"#$
�� !"#$#%&'()

� 26
�� !"#� 280 nm�� !"#$%�� !"#$%&'
�� !"#$%&'

�� !� �� !"#$%&'

�� � 200 x 2.1 mm
Hypersil MOS, 5 µm

�� � A = �
B = �� / ��

�� !(9:1)
�� !� � 0 �� 87 % B

� 25 �� 100 % B
�� !"� 4 ��

��� 0.8 ml/min
��� 60�
�� !� 1 µl ��

���

200 nm � 215 nm�� !"#$%
240 nm�� !"#"$%&'
280 nm�� !"#$%&'()*+,
�� !(�� !"#$%&')

�� !"#$%&'

�� 

�� !"#$ > 10 µg
�� !"#$%

�� !"#$% > 150 µg
�� !"#$% > 25 µg
�� !"#$% > 10 µg

�� 

10�� !"#$%&'
�� < 0.7 %
10�� !"#$%&
�� < 6 %
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mV

40
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Time [min]

Ln
Ln

Ln

LL
L

00
0

�� !"#$%%&!'()*+,-./0"123�

�� !"#$%&'()*%+,-�./01�� !

�� 

�� !

�� !"#$%&�'()*+,-./01234��

�� !"#$%&'()*+

�� !

�� !"#$%&'()*+,-./0123456

iåiåiå�iii�lllNU�

�� !"# $%&'(

� 27
�� ! "# $%& '()%*+

�� !� �� !"#$%&'

�� � 200 x 2.1 mm
Hypersil MOS, 5 µm

�� � �� /��(30:70)
��� 0.5 ml/min
��� 30�
�� !� 2 µL
�� : �� !"#$

�� !"#$%&'()

�� � 50 µg/l�S/N = 2
�� �

10�� !"#$% < 0.3 %
�� !"

10�� !"#$ < 5 %
�� !"

18. �Determination of triglycerides in vegetable oils�,
EC Regulation No. L248, 28ff.

�� �

�� 

��
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�� !"

3

�� !"`
Q
�`

OO
��  !� "#$�%&'�� 

�� !"#$%&'()*+�� !"#$%&'()

�� !�� �� !"��#$%&'�()*+,-

�� !"#$%&'�� !"#$%&'("#)*+

���� !"#$%&'()*+,-./0�� !"

�� �� !" L�� !"#$%

�� !

�� !"#$%&'()*+,-.�� !"#

�� !

�� !"#$%&'()*+,-./,-0/123�

�� !"#$%&'( L �� !"�� !"�#$

EÄêçãçéÜÉå~Åóä=ÄêçãáÇÉF�� !"#$%
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� 28
�� !"#$"%&�� !"#�$ 
�� !�"#!

� 29
�� !"#$%&'()*+,%&'
�� !"#$%&'

�� !

0.215 g�� 500�� ! /�� !" 80�
��40�� �� !"1.5 ml�� /�� !
(1:1)��� !" 5�� �� ! 0.45 µm
Minisart RNML(� Satorius ��)�� !
�� � 200 x 2.1 mm, MOS, 5 µm
�� � A = �(70%)�

B = (��+1%�� !)
(30%)

�� !� � 5 �� 30 % B
� 15 �� 70 % B
� 17 �� 70 % B
� 25 �� 98 % B

��� 0.3 ml/min
��� 50�
�� � �� !"#$ 258 nm
�� � 60 mg/ml bromophenacyl

bromide �� !"
�� !"#$%&'(#)*

1. Draw 2.0 µl from vial 2 (ACN)
2. Draw 1.0 µl from air
3. Draw 1.0 µl from vial 3 (derivatization agent)
4. Draw 0.0 µl from vial 4 (wash bottle)

(ACN/THF, 50:50)
5. Draw 1.0 µl from sample
6. Draw 0.0 µl from vial 4 (wash bottle)
7. Draw 1.0 µl from vial 3 (derivatization agent)
8. Draw 0.0 µl from vial 4 (wash bottle)
9. Draw 1.0 µl from vial 5 (acetonitrile +

5 % TEA)
10. Draw 0.0 µl from vial 4 (wash bottle)
11. Mix 9 µl in air, 30 µl/min speed, 10 times
12. Wait 2.0 min
13. Inject

�� !"#$%&'

�� � 200 pg
S/N = 2

�� �

10�� !�� ! < 0.1 %�

�� !"

10�� !�� ! 5 %
�� !

C
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�� !"#$

3

�� !"#$%&'()*+,-./0W�� !�� !

�� !�� �� !�� !�� �� !�� !"

�� �� !"#$%&'()*+,-./01%234

�� !"#$%&'�()&%&'�*�� !"#$

�� !"#$%#&'()*+,�� �� !"#$

�� !"ééã�� !"�� !"#$%&"#'()

ééÄ�� 

�� !

�� !"#!$%&'�� !"#$�� !"#$%

�� !"#$%�� !"#$%&'()*+�� !

�� !"#�� `NU�� !"#$%&'
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Norm
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�� !� �� !"�

�� � 300 x 7.8 mm Bio-Rad
HPXP, 9 µm

�� � �

��� 80�
��� 0.7 ml/min
�� : �� !"#$

�� !

�� !"#$%&'()�� !"#�� !

� 30
�� !"#$%

�� !"#$%&'()

�� � < 10 ng� (S/N = 2)
�� �

10�� !"#$% < 0.05 %
�� !"

10�� !"#$! < 2 %
�� !

� 31
�� !"#$%&'(")*

4. Official Methods of Analysis, Food Compositions; Additives, Natuaral
Contaminants, 15th ed; AOAC: Arlington, VA, 1990, Vol. 2; AOAC Official
Method 980.13: Fructose, glucose, lactose, maltose, sucrose in milk chocolate;
AOAC Official Method 982.14: Glucose, fructose, sucrose, and maltose in
presweetened cereals; AOAC Official Method 977.20: Separation of sugars in
honey; AOAC Official Method 979.23: Saccharides (major) in corn syrup;
AOAC Official Method 983.22: Saccharides (minor) in corn syrup;
AOAC Official Method 984.14: Sugars in licorice extracts.

�� !

��

�
�
 

��

��

�� 

�� 
�� 

�� 

�� !"

��

�
� �
�
 

�
�
 

�
�

��

�� ! �� 
��
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�� !"

3

�� !"#

�� !"#$%&�� b�a�^�� !"#$%&`I

_
S
�_

O
�_

N
�_

NO
�

�� !�"#$"%&�� !"#$%&'()*+,

���� !"#$%&'()*+,-NMM�� !"#$

�� !"�� !"#$%&'()*+,-./)01

�� �� !"#$%&'()�� !"#� !$%�

�� !"#$%&'()*�� !"#$%&'(��

�� !"#$%&'()'*+,-.�� !"#$%

�� NV��� !"#$%�� !"#$%&'(&)*

�� �� !"# $%&'()*+,-.()*/

�� !

�� !"#$%�� !"#$%&'()�� !"#

���� !"#$�� !"#$�� !"#$%&'

�� !
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Vitamin B   B   B1, 6, 12

�� !"#$%&'(

�� !"#$%&'()*+,-./012*+,3

�� !� ��

�� � 100 x 4 mm,
Hypersil BDS, 3 µm

�� � A =��pH = 2.1
(� H

2
SO

4
, 99%)

B = �� (A/B = 99:1)
�� !� � 3.5 �� 1 % B�

� 11 �� 25 % B�
� 19 �� 90 % B

�� � 6 ��

��� 0.5 ml/min
��� 30�
�� !� 2-5 µL
�� UV-DAD

�� !

220/30 nm
�� !

400/100 nm

19. L.M. Nollet, �Food Analysis by HPLC�, New York, 1992.

� 32
�� !"#$%&�� '(

� 33
�� !"#$%&'()

�� !"#$%

�� � < 500 pg (�� )�
S/N = 2

�� �

10�� !"#$%! < 0.2 %
�� !

10�� !"#$! < 2 %
�� !

�� 
�� B(��)
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3

Standard

Vitamin CmV

0 1 2 3 4 5 6
Time [min]

120
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220

240

Vitamin B 6

Vitamin B 6

�� !"#$%&'(

�� !"#$%&'()*+,-./012345

� 34
�� !"#$%&!�� B6�� 

20. A.G. Huesgen, R. Schuster, �Analysis of selected vitamins with HPLC and
electrochemical detection�,
Agilent Application Note 5091-3194E , 1992.

�� !"#$%&'

�� � 30 pg (�� )
S/N = 2

�� �

10�� !"#$% < 0.5 %
�� !"

10�� !"#$! < 5 %
�� !

�� !� 30 pg - 1 ng

�� !� �� !"#$

�� (1:100)
�� � 125 x 4 mm, Lichrospher

RP 18, 5 µm
�� � � + 0.02 M�� !"

+ 0.03 M�� !"#$
+ 0.03 M�� !+ 2 %
��

�� !: 15��

��� 0.8 ml/min
��� 30�
�� !� 1 µl ���

0.5 µl ��

�� � �� 

�� !� �� !"

�� !� �� 

�� !� 1.2 V
��� 0.5 µA
�� !� AgCl/KCI
�� !� 1 �
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�� !

�� !"#$%&�� '"()*+,�� !"#$

��� �� !"#$%&'()*+,-.$%/0

�� !"#$%&'

�� !"#$%&'()*+,-./012"34

�� !"#$%&

�� � 100 x 2.1 mm,
Hypersil MOS, 5 µm

�� � A = ��

B =��(70 %)
�� !� � 15 �� 90 % B�

� 16 �� 95 % B
�� !"� 3 ��

��� 0.5 ml/min
��� 40�
�� !� 2-5 µl
�� UV-DAD

�� !

230/30 nm, 400/100 nm
�� !

280/40 nm, 550/100 nm

� 35
�� /�� !"#$%&'

�� !"#$%&'

�� � 1 ppb (S/N = 2)
�� �

10�� !"#$% < 0.8 %
�� !"

10�� !"#$ < 2.2 %
�� !"

δ-�� E

β � γ-�� E

α-�� E
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3

mV

0 2 4 6 8 10
Time [min]

118.5

118.0

117.5

117.0

116.5

�� /�� !"#$%&'()*+

�� !"#$%&'()*+,-./01

�� � 125 x 4 mm,
Lichrospher RP 18, 5 µm

�� � �� + 5 g/l
�� ! +
1 g/l ��

�� !� 20��

��� 1 ml/min
��� 30�
�� !� 1 µl ��

�� : �� !"#

�� !� �� !"

�� !� �� 

�� !� 0.9 V
��� 0.5 µA
�� !� AgCI/KCI
�� !� 8 � � 36

�� /�� !"#$%&'()*+

�� !"#$�� !"#$%&'b��� !"#$%

�� !"#$%&U�� !bEqF�� !"#Eq
P
FI��

�� !"#$%&'(�� !"#$%�� !"#$

�� !"#$%&'()*+�� !"#$%&'()

�� !"#$
�� E

�� !"#$%&'

�� � 80 pg (�� )
S/N = 2

�� �

10�� !"#$% < 0.5 %
�� !"

10�� !"#$ < 5 %
�� !"

�� !� 30 pg - 1 ng

��

-�� E
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�� !"#$%&'()*

�� !"#$%&'()*+,-./01234

�� !� 20 g�� !
1.5 ml�� 

�� � 100 x 2.1 mm,
Hypersil SI 100, 5 µm

�� � �� + 2 %
�� 

�� !� 8 ��

��� 0.3 ml/min
��� 25�
�� !� 0.5 µl
�� :

UV-DAD 295/80 nm
�� !"� �� !

295 nm
�� !

330 nm � 37
�� ! /�� !"#$%&'()

� 38
�� ! /�� !"#$%&'()*

�� !"#$%

�� � ��: 10-20 ng (S/N = 2)
��: 0.5-2 ng (S/N = 2)

�� !"#$%&�

10�� !"!# < 2 %
�� !"#$%

10�� !"#$ < 2 %
�� !"

α-�� E ��

�� !

β-�� E
γ-�� E

δ-�� 

α-�� E
β-�� E

γ-�� E

δ-�� E

�� !"

�� !"#$%
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�� !"#$%&'()*+�� �� �� !NIQJ�

�� !"NIRJ�� !"#�� !�� !�� �� 

�� �� !�� !�� PJ�� !"�� �� !

�� �� !"#$

�� !"#$�� !"#�� !�� �� !" #

��� !"#$

�� !"#$%&'()*�� !"#$%!&'()

�� !"#$%&�� !"#$%&'()*+,-.�

�� !"#$%&�� !"#$%&'()*+,

�� !

�� !" L�� !"#� $%& '()*+,-.

���� !"#$%
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21. O. Busto, et al., �Solid phase extraction applied to the determination of
biogenic amines in wines by HPLC�, Chromatographia, 1994, 38(9/10),
571-578.

�� !"#$%&'(

�� !"#$ L�� !"#$%&'()*+

� 39
�� !�� !"#$%&'()

�� !�

25 ml�� ! polyvinylpyrrolidoine�� �

�� !�� (5 ml ��pH = 10.5)� 2 ��

10 %�� !(Dansylchlonde)�� !�� 
��C18��(500 mg)�� !"#$%&�

2 ml�� !"�� 100�� �� 
�� � 250 x 4.6 mm,

Spherisorb ODS2, 5 µm
�� � A= � +5% ��

B= ���(A/B = 75/25)
�� !� � 5 �� 45 % B

� 30 �� 45 % B
� 50 �� 60 % B
� 55 �� 80 % B
� 60 �� 80 % B

�� !� 60 ��

�� !"� 4 ��

��� 1 ml/min
��� 60�
�� : �� !"#$%&'

250 nm

�� !"#$%&'

�� � > 85 %
50-150 µg/l

1 ethanolamine
2 ammonia
3 methylamine
4 ethylamine
5 morpholine
6 i-propylamine
7 propylamine

8 pyrrolidine
9 i-butylamine
10 1-butylamine
11 tryptamine
12 diethylamine
13 phenethylamine
14 3-methylbutylamine

15 amylamine
16 1,4-diaminobutane
17 1,5-diaminopentane
18 hexylamine
19 histamine
20 heptylamine 

(internal standard)

20 40 60

2.0e4

6.0e4

8.0e4

4.0e4
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3

�� !"#$%&'()*�� !"#$%&'(&)

�� 

�� !"#$%&'()*+ !,-.�� !"#$

�� !�� !"#�� !"#$%&'()*+,�

�� !"#�� !�"#$%&'()*+, -./

�� !"#$%&'()*+,-./012345678

�� !"#$%&'()*+,-./012

�� !

�� Ee`NF�� !"#$%&'()*+

�� !

��L�� !"#$%&'()*+,-./ OOI=OP�
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22. �Sensitive and reliable amino acid analysis in protein hydrolysates
using the Agilent 1100 Series�, Agilent Technical Note 5968-5658E, 1999
23. R. Schuster, �Determination of amino acids in biological,
pharmaceutical, plant and food samples by automated precolumn
derivatization and HPLC�, J. Chromatogr., 1988, 431, 271� 84.

� 40

�� !� filtration
�� 200 x 2.1 mm

Hypersil ODS, 5 µm
�� � A = 0.03 M sodium ac

pH = 7.2 + 0.5% THF
B = 0.1 M sodium acetate/
ACN (1:4)

�� !�

� 0 �� 0 % B at 0.45 ml/min flow rate
� 9 �� 30 % B
� 11 �� 50 % B at 0.8 ml/min flow rate
� 13 �� 50 % B
� 14 �� 100 % B at 0.45 ml/min flow rate
� 14.1 �� at 0.45 ml/min flow rate
� 14.2 �� at 0.8 ml/min flow rate
� 17.9 �� at 0.8 ml/min flow rate
� 18 .0 �� at 0.45ml/min flow rate
� 18 min 100 % B
� 19 min 0 % B
�� !� 4 min
��� 0.45 ml/min
��� 40�
Injection volume 1 µlstandard
Detector

UV -DAD 338 nm and 266 nm
Fluorescence
Excitation wavelength: 230 nm
Emission wavelength: 450 nm
at 11.5 min
Excitation wavelength: 266 nm
Emission wavelength: 310 nm
Photomultiplier gain: 12
Response time: 4 s

�� !"#$%&'

�� � DAD < 5 pmol
FLD < 100 fmol

�� �

Injector program for online derivatization
1. Draw 3.0 µl from vial 2 (borate buffer)
2. Draw 1.0 µl from vial 0 (OPA reagent)
3. Draw 0.0 µl from vial 100 (water)
4. Draw 1.0 µl from sample
5. Draw 0.0 µl from vial 100 (water)
6. Mix 7.0 µl (6 cycles)
7. Draw 1.0 from vial 1 FMOC reagent
8. Draw 0.0 µl from vial 100 (water)
9. Mix 8.0 µl (3 cycles)
10. Inject
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�� !"

3

�� !"#$%&'()*+,-./0%12345

�� !"#$%&'()�� !"#$%&'()*+

�� !"�� �� !"#$%&'()*+�� !

�� !�� !"#$%&'()*+,-.�� !"

�� !"#$%&�� !"#$%&'()*+�� 

�� !"#$%&'()�� !"#$�� !"#$

�� !�� !"#$%&'()*+,-./0�� 

��NMMJPMM�� !"#$%&�� !" #$MKRJQKM

µäLãáå��� !"#$%&'(J�� !"

�� !"#$%&'()*+,#$%&-�� !"�

�� !"#$%&'()*+,-./�� !"#$%�

�� !"#PRJåi�� !"#$%&'()&�� !*

�� !"#$%&'()*�� !"#$%&�� !

�� !"NNMM�� !�� !�� !"#$%&'(

�� i`=m~ÅâáåÖë=�� OQ�

�� �� !"#ENMM=µä� RM=µäLãáåF��� !"#

�� !"#$%& MKR� Q=µäLãáå��� PMM=µã��

�� !"#$%&'
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�� !

�� !" L�� !"#$%&'()*+,-)./0

�QN�QO�QP�� !"#$%&!'()*+,!-��

� NNMM�� !"#$%&'�� !"#$%&'(��

��TRJNOM=µã�

�� !

�� !"#$%!"&&'()*�� !"#$%

��� �� !"#$%&'

�� 7 pmol/µl
�� !"#� 300 µm x 25 cm, C18
�� � A = 0.025% TFA�� 

B = 0.02 % TFA ��

�� !� 0.35 % B/min
��: 100 µl/min�� 

4 µl/min
��: 25�
�� !: 2.5 µl
�� : UV-VWD,

206 nm (35-nl,8-mm
�� )

� 41
�� !"#$%%&'�()*+,-(17.5 pmol) �� !

 

Time [min]
40 60 80 100

mAU   

20

40

60

80

100

120

�� !"#$%&'

�� � 1 pmol
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24. �Capillary Liquid Chromatography with the Agilent 1100 Series Modules
and Systems for HPLC�, Agilent Technical Note 5965-1351E , 1996.

Time [min]

20000
40000
60000
80000

100000
120000
140000
160000

Ab
un

da
nc

e

40 50 60 70 80 90 100 110

T46

T92

T15

T12

T14 T58

T60-61

T8

T42

Ab
un

da
nc

e

450 550 650 750 850 m/z
0

2000

4000

6000

8000

10000

 415.4

829.7

T12 (MW = 828.5)

1000

2000

3000

4000

5000

6000

 796.6

1194.7

700 900 1100 1300500 m/z

T58 (MW = 2387.2)

Time [min] Time [min]

Ab
un

da
nc

e
� 42
�� !"#$%%&'�()*+,-��� ! (17.5 pmol)
��� !"

� 43
� 42� 43�� !

��� Vcyl-5500, Veud-3500,
Vcap-4000, CapExt 150

��: 400-1800 m/z
��: 150
��(sampling) 1
�� 0.15 amu
�� : �� 150�
�� !": �� < 20 psi

�� 5989B�� 

�� !"#$%&'()�� !"#$#%$&'()

�� !"#$%�� � QO�� �� !"#
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�� !

�� !"#

�� !"#$

�� !"#$

�� �!"



� 4 �

�� !



4
�� !"#$%&'()*+,-).�� !"#$

�� !"##$%&'()*+

�� ! �� !"#$%&'()(*+,-.(/�

� �� 

� �� 

� ��J�� 

� ��J�� 

�� �� !"#$%&'!(�� !"#$%&'(

�� !"#$%&'()"*+,,-�� !"#$�

��� !"#E�� !"#$%&'(F��� !"#

��� !"#$%�� !"#$%&'()*+,-.

�� !"

�� !"#$%&'()*+,-./*0,123�� 

�� !"#$%&'()*�� !"#$�� !"#

�� !"#$%&'(�%&)*+�� !""#$%

�� !

�� !" #$��J�� !"#$"%&'()��

�� !"�� !"#$%&'(�� !"#$%&'

�� !"#$�� !"#$%&'�� !"#$%&

��

�� !

�� !"#$
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�� !"#$%&'()*+,-./012�� !"

�� !"E�� !F

�� !"#$%&'()*+�� �� !�� !"

�� !"#$�� !"#$E�� !"#$F��� !

�� !"#$

�� -�� !

�� !

�� !"#$% �� !"#$%&'()*+,-"#.-/0123�

�� !"#$%Q�R=ãã��� !"# $%&O=ãã�

�� !"#$%&'()*+�� !"#$%&'()

���� !"#$%&�� !"#$%&'()*+,

�� !"#$%&'�� !"�� !"#$ %&'

�� !"#�� !" QJS��E� QQ��F�

�� !"#$%&'()*+,-.!/01�� !"

�� !"#$%&'(&)*+,-.#/0�� ��

�� !"#$%&'(%)*+,-./01�� ��

�� !"#$%&'(�� !"#$%&�� !"#

�� !"#E�� !"#$%&F�� !"#$%&'(

���� �� !"#$%�� �� !"#$%&'

�� !"#$%&'

Time [min]
5 10 15 20

% F

0

100

120

140

60

40

20

80

250 x 2.1 mm id column

250 x 4.6 mm id column

� 44



4

60

70.40

70.60

70.80

71.00

71.20

1 2 3 4 5 6 7 8 9 1 0
Run number

Retention time

Day

Night

Day

Conventional
column oven

Agilent 1100 Series thermostatted
column compartment

�� !"#$%&'()*+,�-./0�� !"#

���� !"#$�� !"#$%&'( )*+,-

���� !"#$%&'(EmÉäíáÉêF�� !�"#$%&

�� !"#$%&'� OQ�� !"#$%&'()��

�� !"#$%&'(�)*+,-� QR�� �� !

�� !"#$%#&'()%#*+

�� !"#$%&'

�� �� !"#$%&�� !�"#$%&'�()*�

�� !"#$%&'()*+,-./012�� �

�� !"#$%&'()*+,-./01

� 45
�� !"#$%&!'()*+,10�� !"#!
�� !!"#$%#&'()#*+



� 5 �

�� !"#



�� !"# �� !"#$%&'()�� !"#$%�

NK ��J�� !"

OK ��L��E��F

�� �� �� �� �L�� !�� !"��

�� !"#�� !"#�� 

PK �� !L��

�� !�� !"#$�� !"#$

QK �� !�

�� !��� !"

E�� !" V�� !"#$�%&F

�� !"�� !"#$%&'()*+,-.�� !"

�� !"#$%&'(�� �� !"#$%&'()

�� !"

5
�� !"#$%&'()*+,-./012'345

�� !"#$%&�� !"#$�� !"#$% 

�� !�"�� !"#$%&'()*+,-./#

�� !"�#

�� 
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�� !"#$%&'!"()*+,-./'01234

�� �� !"#$%&'()*+,

� �J�� !"#$%&'()*+,-./012��3

�� !"#$%&�� !"#$%&'()*+,-�

���� !"#$%�� !"#$%&'()*+#

�� !"#�� !"#�� �� !"#$%&'

�� !

� �� !"J�� !"#$%&�� !"#$%&�

�� !�� !"#$%&'()*+,-./01 

�� h�� OT�

� �� !"J�� !"#$%&'()*"+,-.��

�� !"#$%&'E�� RM�F��� !"#$%&

��E�� OU�FOV�

� �� !"#J�� !"#$%&'()�� !"#$

�� 

�� !"

�� !"#$%&'( !)*+,-./0�� !"

�� !�� !"#�$%!"&'()*+,- PM�

�� !"#$%&'(!")*+�� !"#$%&'�

�� !"#$%&'()*)+�� !"#$%&'(�

�� !"#$%&'()*'+

��



✔ ✘
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64

✔ ✘

✔ ✘

�� !"#$%&�� !"#$%&'

�� !"#

�� �� !"#$%&'()*)+,-./&012�� �

�� J��� !"#$%&'()*+,-./01PN�

�� !" �� !"�� !"#$%&'()*+,-�� ��

�� !"#$%&'()*+,-.�� !"#$%�

�� !"#$%&'( OSI=PO��� !"#$%&'()

�� !"#$%&'(�� !"#$%

�� !"#$%&"'() �� !"#$�� !"#$%&'(

�� !"#$%&�� !"#$%&'

�� !"�� !"#$%&'�� !"

��

�� !"#$%&'()*+,�� !

�� !�� !"#$%&'()�� 

��
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��

� -�� 

�� �� !"#$%&(pH��� !"

�� !)
�� !"#$%&%'()*�� !"

���� !"#$%&'

✔ ✘

�J�� !�� !"#$%&'�� !"#$%&'

�� !" #$%&'�!" ()*#$+

��� !"#$%&'( !)*+�� !"#$%&

�� !"�� !"#$%&'()*

�� ! �� !"#$%&'�� !!"#$%&�� !"#

�� !�� !"#$%&'()*+,-./0123�

�� !"#$%&'()*+,-�� !"#$%&'

�� !"�� !"#$%&'()*+,-./012�

�� !"#$%&'()*+,-./%01!234

�� !"#$%&'()*+,-./012PQ��� �

�� !"#$%&'()*+,-.�� !"#$%&

�� !"#�� !"#$%&'()*�� !" #

�� !"#$�� !"#$%&'()*�� !"#

�� !"#$%&'�� !"#$%#&' ()*+
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�� !"�� !"#$%&'()*+,�� !"#

��� !�� �� �� !"#$%&'()*+,

�� !"#$�� !"#$%&'()*+,-./0

�� !"#$%&PSIQM�

✔ ✘

✔ ✘

�� !"#$%&'()*+,-./01

�� !"#$

��� !" #$%&'() *+,-

�� !"#$%&'�� !"#$%��

�� !"#$%&'()

�� !"#$%&'(�� !"#$%&'()*+,

�� !E�� !F�� !�"#$%&'()*+,��

�� !"#$�%&�'()�� !"#$%&'()

�� !"#$%&'(�� !"#$%&'()*+,

�� !"#$%^Ia�b�� !"#$%�� !"#

�� !"E�� !"#OO�F�PT

�� !"#

�� !"�� !"# �� !"#�� !"#$%&'()*+

�� !
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✔ ✘

��

�� !"#$%&' ()*+�� !"#$%&'(

�� !"�� !"#$%&'( )*"#+,-./

�� !"�� !"#�� !"#$%&'()*+,

�� !�� !"#�� !"�� !"#$%&'()

�� �� !"#$%&'()*+�� !"#$��

�� !"#$%&'()*+%&,

�� 

�� !"�� !"# �� !"�� !"#$%&

�� !"#$%&'()*+(,-�� !"#$%

�� !�� �� !"#$%&'()*�� !"

�� !"#$%&'�� �� !"#$"%&$'

�� !"#�� !"#$%&'()*+,-EdimF�

� PU�
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Normal

Load

Inject

�� !"#$
�� !"#$

�� !"#$%%&'��� !"#$%�� !"E�

�� !"#� !$%&'F��� !"#$%&'()

�� !"#$�� !"#$%&'()*�+,-./0

�� !" #$%&'(%)*+�%&,-./0��

�� �� !"#$%&'()�MKNk�� SMB�� 

�� !�� !"#$%&'()*+,-./012�

�� !

�� !"#$!%&'()*+�� !"#$%&'(

�� !"�� !"�� QS�� �� !�� !��

�� !"#E�� !"#$%F�� !"E�� !"F�

�� !��"#�� !"#$%&'(�� !"#$

��� !�� !"#$"%&'&()*+,-'./

�� !"�� !"#$%&'()*+,-.�� !

�� !"#$%&'

�� !"#$%&'()�� !"#$%�� !"

�� !"�� !"#$%&'(�� !"#$%&

�� �� !"#$%&'()*+, -./012

�� !

� 46

70
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�� !" �� !"#$%�� !"#$%&'()*+,-.'

�� !"#$%�� !"#$%&�� !"#$%&

�� !"#$%&'(�� !"#"$%�� !�� 

�� !"#$%&'()!*+,-./01�� !"

���� !"#$%&'()*+,-./012�� 

�� ! "#$%

�� !"#$%&'()*+,-./0%123�� 

�� !"#$%&'()* +,#-�� !"#$%

�� !"#$%&'()*!+,-./01234��

�� !"#$%&'()*+,-�� !"�� !"�

�� !"#$%&'()*+,-.

�� �� �� !"#�� !"#$�� !"#$

��

✔ ✘
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✔ ✘

�� !"#$%&
�� !"#

�� !"#$ %&'()*+,�� !"#$%&'

���� !"#$%&'()*+),-./�� !"

�� !"#$�� �� !"#�� !"#$�� 

�� !"#$%&'() *+,

�� !" �� !"#$%&'� !"(!)*+,-��� !

�� !"�� !"#$%&'$%(�� !"#$%�

�� !"#$%&MKNJNRMM�� !"#�� !"#$

�� !�� !"#$%&'(R=ãä�� !�� !"

�� !"#�� ! NJR�� !"#�� !"#$!

�� !"#$%&'()*+,-��� !"#$%&

�� !"�� #�� !"#$�� !"#$%&�

�� !"#$%&'()�� !"#$�� !"#!

�� !"#$%�� !"#$%&'()*

�� !"#$�� !"#

�� �� !"#$%&'(

�� !"#$%&'()*&+,-

�� 
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Sample Reagent

Metering
device

Sampling
unit

6-port valve

Reagent

To waste

From pump

To column

�� !"#$%&'()*+,-�!./012345

�� 

�� !"#$%&'()*+,�� !"#$%&'(

�� !"#$%&'()�� !"#$%&�� !"

�� �� !"#�� �!"#$%&'()*+,&

�� !�� !"#$%&$'()*�� !"#$%

�� !�� !"#$%&'()�� !"#$%&'(

�� !"#$%&'()*+,-�./01,-2��

�� !"#$%&'()*+�� �� !"#$%&

�� !"#$�� !"#$%&'()*$+,-.�

�� !"#$%&'( QT�� 

�� !�

� 47
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�� �� !"#$� !"%&'()*+,-./�� 

�� !"#$%&'�()* +,-�� !"#$

�� !�� !"#$%&'(#)*+$,-./0

�� �� !"#$�� !"#$%&'()

�� !"#�$%&'()*+,-./01�� !"

�� !"#$%&'()*+&,�� !"#$%��

�� !"#$%&'()*+,-./012�� !"

�� !"�� !"#$%&'�� !"#$%&'(

�� !"#$%&'()*+�� !"#$%&'()�

�� !"#$#%&'�()*+,-./�� !"#

�� !"#$



� 7 �

�� !

�� 
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�� !"#
�� !

�� !"#$%&'()*+,-��� !�� !"#

�� !"#$%&'(�� �� !"#$%&' (

�� !"#$%&'(�� !"#$%#&'()

�� !"#$%&'��� !"#MKOJNM=ãäLãáå��

E�� !"#F��� !"#$MKMRJR=ãäLãáåE�� !

��F�

�� !"#$%&'(�� !"#$%E�� F�� 

���� !"#$%&'()�� !"#$%&'(�

�� !"#$!%#&'()*+�� !"#$%&'

�� !"#$%&'()*+,-$.�� !"#$

�� !"#$�� !"�#$%&�� !�"#$

�� !"#$%&'(�� !"#$%&'() *

�� !"#$%&�'�� !"�� !"#$%

���� !"#$%&'()*+,-"./0

�� !

�� !
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�� !"#$%&

�� !"#$%�� !"#�$�� ��� !"#$

�� !"#$%&'(�� �� !"#$%&$'(

�� !"#$%&'(�� !"#$%&'()�� 

�� !"�� !"#$%&'()*+,-./012

�� !"#$%

�� !"#$%&'()�� !"#$%&E�� !"

�� !"#$%&'�� !"#�$%&'�� !"

��F�

✔ ✘

✔ ✘

�� !"#$%&'#()*+,(100% A
� 100% B)�� !(�� !"#$%)

�� !�� !"#$%&'( 200 µl �
�� 

�� !"#$�� !"#$% &'()*�� !"

��

�� !"#

�� !"#$�� !"#�$%&'(�

�� !�� !"#$

�� !"#
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�� !"#$

�� !"#$�� !"#$%�&�� �� !"#

�� !"#�� !$%&'()*+,-./�� !

�� !"#$%&'()*+,�� !"#$%&'(

�� !"#$%�� !"#$%&�� !"#�$�

�� �!"#$%&E��QUF��� !"#$%&'()

�� !"#$%&'()*+,-.�� !"#$%&

�� !"#�� !"#$%&'()*+E�� !"#F

�� !"#$%�� !"#$%&�� !"#$%&�

�� !"#$%&�'�� ! NUM�� !"#Damper

From 
solvent
bot tles

Propor tioning
valve

Vacuum ch amber

Inlet
valve

Out-
let
valve

To
waste

Purge
valve

To
sampling
uni t and
col umn

mAU

0

10

15

20

25

30

20

40

50

Time [min]

0.11%
0.15%

0.10%

0.09%
0.08%

0.08%

0.09% 0.08%

0.07%

0.08%

0.08% 0.08%0.10%
0.09%

0.09%

5 10

�� !"#$

� 49
�� !"#$%�&10�� !"!#$%&!
�� !"#(RSD%)

� 48
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mAU

80

60

40

20

0

Time [min]
0 5 1 0 15 20

80

60

40

20

0

mAU

0 5 10 15 20

Time [min]

�� �� !"#$%&'(�� !"#$%&'��

�� !"#$%&'()*+�� !"#$%&'()

�� !"�� !"#$%&'�� !"�� !"#

���� !"#$%&'()*+�� !"#$%&'

�� !"#$%&E��QVF��� !"#E�� NM=ãäL

ãáåF� UMMJNNMM=µä�� !"#$%&'(�� !"#
�� !"#$�� ��!"#$%&'()*+,

� 50
�� !"(�)�� !"#(�)�� !��� !"(0-7%)�� !"

�� !"#$%&�� !"#$�� !"#$%&'

�� !"#$%�� !"#$%&'�� !"#$%&

�� !"#$%�� !"#$�� !"#$%&'(�

�� !"#$%&'()*�� �� !"�� !"

�� !"#$%&�� !"#$%!&''()*+,

�� !�� !"#$%�� !"#$%E�� RMF�

Performance of low-pressure pump design
Flow precision < 0.3 % (typically < 0.15 %)

based on retention times
of 0.5 and 2.5 ml/min

Flow range 0.2 �.999 ml/min
Delay volume ca. 800-1100 µl
Pressure pulse < 2 % amplitude (typically

< 1 %), 1 ml/min propanol,
at all pressures

Composition � 0.2 % SD
precision at 0.2 and 1 ml/min
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7

Damper

To
sampling
unit and 
column

Inlet
valve

Purge
valve

Inlet
valve

Outlet
valve

Outlet
valve

Mi xe r 

�� NNMM�� !"#$%&'()*"+,�� !"

�� !�� !""#$%&'()*�� !"#$%

�� �� !"��#$%&'()"*�� !"#$

�� !"#$%&E�� RNF�

�� !"#$%�� !"#$%&'(&)�� !"

NUMJQUM=µä�� !E�� !"#F��� !"#$%&

�� !"#$%&�� !" RM=µäLãáå�� !"#�

��

�� !"�� !"#$%&'()*+,-./E��RM

�ROF��� !"#$%&'()�� !"#$%�� 

�� !"#$%�� !"#$%&'(�� !"#$

�� !"#$%�� !"#$%�� !

�� !"

(�� 1100�� )

� 51
�� 1100�� !"#$%!&'(

Performance of high-pressure pump
design
Flow precision < 0.3 %
Flow range 0.05-5 ml/min
Delay volume 180-480 µl (600-900 µl

with mixer
Pressure pulse < 2 % amplitude (typically,

1 %), 1 ml/min
isopropanol, at all pressure
> 1MPa

Composition
precision < 0.2 % at 0.1 and

1.0 ml/min
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mAU

300

200

100

0

3 4 5

binary pump
without mixer 380 µl
with mixer 850 µl

6 8 9 107
Time [mi n]

quaternary pump
950 µl

at 5 min
start of 
gradient

�� !"#$%&'()*+�� !"#$%&'"#

�� �� !"#$%& ONMJOOM=åã�� !"#$%

�� EqecF���� !"#$%� N=ãã�� !"#

���� !"#�� !"#$%&�� !"#$%&

�� !"#$%&'()*� +�� ! RM=µäLãáå�

�� !"#$�� !"#$%&'()*+, N=µäL
ãáå��� !"#$%&'(")*"+,-./01"2

�� !"#$%�� RP�� �� !"#$$%&'(

�� !"#$%�� !"#$ %&'()*+MKMTJ

MKRB�� 

� 52
�� !�"#$%&'(
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�� �� !"#$%&'()*�� !"#$%&'�� 

�� !"#$%&'()�� !"#$%&'()*+

�� !"#$%&'(�� !"#$%&'�� !"

�� !"#$%&'()*+,-�� !"#$%&'

�� !"#$!%&'�� !"#$"%&'(�� 

�� !"#�� !"#$%&'(�� !"#$%&'

�� !"#$%&'()*"#$+,-./012��

�� !"#$%�&'()*E�� !"#�� !"

�F�

mAU

Tim e [m in]
20 40 60 80 100 120

300

250

200

150

100

50

0

0.53%

0.38%

0.15% 0.08%

0.06% 0.04%

0.04%

0.02%
0.04%

0.07%

� 53
�� !"#$$%&'()*+,(-./(01/2�� !"#$
�� !"# 0.07-0.5%��
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✔ ✘

Helium degassing
No degassing

Agilent on-line degassing

Fluorescence

Signal hei ghts
for selected PNAs

12

10

8

6

4

2

10 11 12 13 14
Time [mi n]

1

2

3 4

5

6

� 54
�� �!"# �$%&

�� !"#$%&'()*

�� !"#$%&'()*+,-./0123�� !

RM�� �� !"#$%&'()�� �� !"��

�� !"

�� !"�� !"#$��� !"#$!%&�� 

�� !"�� !"#"$�� !"#$%&'()*

�� !"#$%&'��� !"#$�� !"#$%

���� !"#$�� !"#$%&'�� !"!#

�� !"#$%&'()*+,-

�� � �� !"�� !"#$%&'()�� !"#$%&

�� !"#$%&'()*+,-

�� !"#$%�� !"#$%&'(

���� !"#$%

�� !�� !"#$%&'()*+,

�� �� !�"#$%&'!�(
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✔ ✘

�� �� !"#$E�� !� F�� !E�� !"#$

�F�� !"#$�� !"#$$%&'()*�� 

�� !"#$%&�� !"#$%&'()"#*+,

�� !"#$%&'()�� !"#$%�� !"

�� !�� !"#$%&'(�� !"#$%&�

�� NNMM�� !"# MKMR�� � NM=ãäLãáå�� 

�� �� !"#$% N=ãã� U=ãã�� !�� 

�� !"# $%&'()*+,#-./012��

�� !"#$%&'()*+,�� !"#$%&'

�� !"#$�� !"#$%&'

�� ! �� !"#$%&�� !"#$%&'()*+,-.

���� !"#$%&'()*+,-./�� !"#

�� !"#$%&�� !"#$%&��

�� !(<1 µl)�� !"#$%&'()
��



� 8 �

�� 
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��HPLC�� !"#$%&'()*�+,-./0

�� !"#$%&'(����� !"#$%&'(

�� !"#$%&'()�� !"#$%&'()*

�� !"�� !"#$%&'()*+

8

�� !"#$%&'()*+,-./012345637

�� !"#$%&'()*+,$%-./�� �� 

�� !"#$%&"'()*+�� !"#$%&'(�

�� !"#$%&'()*+,-./01"#2�� 

�� !"#$%&'()*+,�� �� !"#$%

�� !�"#$%&'()*+�,-./�� !"#

�� !�NMééí�� !"#$%&' ()�*�� !

�� !"#$%&��'()*+,-.�� !"#$

�� 



87

�� !"#$%&'()*+�

� �� EilaF�� !EilnF�

� �� !"

� �� !

� �� !"

�� !"#$%&'(%)*+#$,"-./0&123

�� !"#��$%&'()*+,-./0�� !"

�� !"#$%��&�� !"#$%&'(�� ila

��� !"#$%�� !"#$%&'()�� !"�

�� !�� !"#$%&'(�� !"#$%&'()

ila�� ! O�P�� !"#ina�� ! NM�OM��

�� �� !"#$%!&'(RMM=éÖ�� !"#��

�� !"#$%&'()%*#+,-./012�� 

�� !"#$%&'(ila�� !NMM=éÖ��� !"

�� !"#� $%&'(éÖ�� �� !"#$%&

�� !"#$%&'(�� !"#$%&'�� !"

�� éÖ���� !"#$%&'(RMM=åÖ�� !"#

�� !"#$%&'(��� !"#$�� !"#$

�� !"#$%&'(�)*+�� !"#$%&'(

�� !"#$%&'(�� !"#$%&'

�� !

�� !"# 

�� 



88

8
�� !"#$%&'�� !"#$%&'()*+$,

�� !�� !"#$%&'()* !"+�� !"

�� !"#$�� %&'�� !"#$%&'()*

���� !"#$%&'�� !"#$%&' (��

�� !"#$%�� !"#$%&'()*�� !"

�� !"E�� !F��� !"#$%& !"'

�� !"#$%&'()*+,-./+,0�� !"

�� !"#$%&'E�� !�� F�� !�� !"

�� !"#$%�� !"#$�� !"#$%&'()

�� !"#$%&'() !*�� !"#$�� !

�� !"#$�� !"#$%&'()*+'%!",

���� !"#$%&'()�*+,-�� !"#$

�� !"#$%&'(�� !"#$%&'()*+,

� NMR��� !"#$%&!"#'( NMO��� !"#

�� NMP��� !"#$%&' NMQ�

�� !"#$%&'()*+,�-.�� !"#$%

�� !"#$�� !"#$%&'(�� !"#$%

�� !"#$%�&'(�� !"#$%&'()*�

�� !"#$%� !&'()*+,-./0

��

�� !



89

�RR�� !"#$%&'(!)*+,�� !"#$%
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Holium
oxide
filter
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950 nm
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diode array
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�� !"#$%&��"#'()*+�� !"#$%&
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�� !"#$��%&

8
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�� 

�� ��� !"#$%&'()*+
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�� 

� RO�� !"#$%&Ea^aF�� !�� !"#$%

�� !" #$%&'()*+,-./

�� !"#$%&'()*+,-��
�� �� !"#$
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� 56
�� !"#$%

✔ ✘



0.7 mAU
0.6

0.4

0.2

0

240 260 280 nm

91

�� �!"#$%&'()%*+,-./$%0�� 

�� !"#$%�� !"#$%&'��(� RO�� 
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�� !"#$%&'()*+#$,�� !"#$%�
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�� !"#$%&'( !")*+,-./012(34
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�� !"�� !"#$%&'(�� !"#$%&'

�� !"#$%

�� !

� 57

Conventional DAD

Signal 1 8
acquisition

Spectra stop flow on-line
acquisition
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�� !"#$%&'()��� !"#$%�� !"

�� !"#$%&�� !"#$%&'�� !"#$

�� !"#$%&'�� !"#$%#$&'()*+�

SM�� !"#$%&'()*+,�� !"#$%&'
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�SN�� !"#$%&$'()*�� !"#$%&'

�� a^a�� !"#$%

�� !"#$%&'()*+,�� 
�� !"�� !"#$%&'!()
��

� 61

DAD�� !�"#$%&'()*+
��(�� !"#$%&'!"#()
�)

10 20 30

2
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18

Match > 950

1

2

3

4

5

6

7

8
9
10

11

1   ?-*Metronidazole
2   ?-*Meticlorpindol
3   Sulfapyridine
4   Furazolidone

6   ?-*Ipronidazole

7   Chloramphenicol
8   N-Acetylsulfapyridine
9   Ethopabate
10  Benzothiazuron
11  *Nicarbazin5   Pyrazon

Peak Purity Check and Identification

                      * * * * *   R E P O R T   * * * * *

Operator Name:         BERWANGER                   (s1B        Vial/Inj.No.:   
0/  1 (s0B
Date & Time:           10 Sep 86   9:17 am        
Data File Name:        LH:LETAA00A         
Integration File Name: DATA:DEFAULT.I      
Calibration File Name: DATA:ANTI.Q         
Quantitation method:   ESTD                      calibrated by     Area response
Sample Info:           DOTIERUNGSVERSUCHE                                       
Misc. Info:                                                                     

Method File Name:      ANTIBI.M                  Wavelength from: 230 to: 400 nm
Library File Name:     DATA:ANTIBI.L             Library Threshhold:         950
Reference Spectrum:    Apex                      Peak Purity Threshold:      950
Time window from:      6.0 % to: 2.0 %           Smooth Factor:                7
Dilution Factor: 1.0   Sample Amount: 0.0        Resp.Fact.uncal.peaks:     None

Name                   Amount   Peak-Ret. Cal.-Ret. Lib.-Ret Purity Library Res.

                       [ng/l]    [min]      [min]     [min]   Matchfactor

________________________________________________________________________________

Sulfapyridine           10.31   A  12.183   12.143    12.159    999   1000   0.9

Furazolidone             4.54   A  16.096   16.024    16.028    992    984   1.3

Pyrazon                 13.72   A  19.024   18.987    19.000   1000   1000   1.7

N-Acetylsulfapyidine    14.66   A  23.307   23.282    23.282    976   1000   1.1

Ethopabat        *up    13.40   A  23.874   23.840    23.848    911    996   2.3

Benzthiazuron           12.80   A  24.047   24.024    24.029    998   1000   0.7

Nicarbazin       *up     3.00   A  32.733   32.722    32.709    336    984   1.2

                     ========

                        72.41

Part 2: Quantitation, peak purity check and peak identification

Part 1: General information

✔ ✘
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�� !"#$%&'�� !"#$%&'()*+,-�

�� !"#$%&'()*+,-./0�� !"#$

�� !"#$%&'()�� !"#$%&'()*+

�� !"�� !"#$%&'()*+,-./�� 

�� !"#$%&'()*+,-�� !"#$%&'

�� !"#�� !"#$%&'()*+,-./(0

��

�� !"#$%&'()*+�,-./01�� !"

�� !"#$%&$'()�� !"#$%&'()*

�� !"#$%&'�� !"#$%&'()*+

�� !"

Xenon
flash lamp

Lens

Mirror

Excitation
monochromator

Sample

Photodiode

Lens

Photomultiplier

Emission
monochromator



96

�� !"# $%&'(� OUM=åã��� !"#$E�

�� F�� !"#$%&'()*+,-.)/01&)

���� !"#$%&'()*EOM=åãF�� !"#$%

�� !"#$%&'()*+�,-(./01(234

��

�� �!"#$%&'() *+,-./01�� !

���� !"#$%&'()*�� !"#$%&'(

���� !"#$%&'()*+�� !"#$%&'

�� !"!#$%&'()�� !"#$%&'()*

�� �!"#$%&'()*+�,-./0�� !"

�� !"�# !$%&'()*+ ,-./01��

�� !"#$%&'()*+,-�� !"#$%&�

�� !"#$%&'()*+,-./,0-.1�� 
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Ex/Em = 260/420 nm
Ex/Em = 270/440 nm
Ex/Em = 260/420 nm
Ex/Em = 290/430 nm
Ex/Em = 250/550 nm
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�� �� mk^�� �� !"#$%&'()* !+,-

���� !"Q�� !"#�� NR�mk^�� !"

E� SPF�

� 63

1 excitation WL at 260 nm
4 emission   WL at 350, 420, 

440 and 500 nm

Ex=275, Em=350, TT
Reference
chromatogram
with switching events 
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✔ ✘
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�� !"i`�jpa�� !"#$%�� !"#$%

�� �������i`�jp��� !"�� !"�
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+ + + ++
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HPLC inlet

Nebuli zer
Skimmers Octopole

Fragmentation
zone (CID)

Lenses Quadrupol e

Capillary

� 71

HPLC MS
High pressure High vacuum
liquid phase required
separation

Produces large Typical MS
quantities of vacuum systems
volatilized solvent designed for low
(100 � 000 ml/min ml/min gas load
gas)*

No mass range Depends on
limitation masss/charge

and mass range
of analyzer

Can use Prefers volatile
inorganic buffers buffers

* About 1000-fold increase going from liquid to gas
phase with typical LC solvent
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^m`f�� !"#$%&'()*�� !"#$^m`f�

�� !"#$%&'(�)*+E�� TPF�
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� 74
Mass spectrum of the fatty acid

triolein (C18:1, [cis]-9)
molecular weight = 884.781

molecular formula = C57H104O6

^m`f�� !"#$%&'(�� !"#�$%&' 

��� TQ�� !"#$%&'()��xj�keQz�� 

E�� !"j�NUF�� !"#$%&'()*+,-%.

��`fa�� !"#$%&'()*+,�� !"#$

�� !"#$åÖ�� !"#�� !"#$%&'��

�� !"#EpfjF�pfj�� !"#$% éÖ��

�� !"#$�� !�� !"150,
000�� !"�� !"�� !"#
���� !"#$CID�� 

�� !"#$%&'()*+,-./)*0123 !

�� !"#�� !"#$%&'()*+,-./01

�� �� !"#$%&'()*+,�� !"#$%

�� !"#$�påÉää�� !cêÉëåÉä�� !�� !

`Üêáëíá~åëÉå�� !�� !"#$%&'(#$)*+,

�� !"#$%&'()*��^ÖáäÉåí=NNMM�� !"

�� !"#$%åÖ�� �� !"#$%&'()��

�� !"#$%&'()*�� !"#$%&'()*
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��(��)
�� 

�� !"#$%&'( )*+%,#
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<- [M + NH4]
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�� !" - - �� �� 

�� !

In brief.
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�� !"#$%&�� !"#$%&'()�� !"

�� !"#$%�� !"#�� !"#$%&'()

�� !�� !"#$%"&

�� !" �� ! λ

�� -OH �� !"  C6H5N:CO 250 nm
�� !" SO3

2- 2,2���� �(5-�� !") 320 nm
�� 

�� -COOH �� !"#"$ %& 258 nm
2�� !"#$ 250 nm

�� !� -CO-COOH, 2,4�� !"# 365 nm
=C=O, -CHO

�� -NH2 �� !"(OPA) 340 nm
�� !� NHR 9�� ! "!#$ 256 nm

(FMOC)
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�� !"#$

�� !" �� ! λ

�� -OH �� !" λex 230 nm, λem 315 nm

�� -NH2 �� !" λex 230 nm λem 455 nm
(OPA)

�� !� NHR 9�� ! λex 230 nm λem 315 nm
�� !"

(FMOC)
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Column 
comp art-
ment

Auto-

Pickering
system

sampler

Quaternary
pump +
vacuum
degasser

Control  and
data  evaluati on

Fluorescence
detector

�� !�"#$% �� !"#$%&'()#$*&'(+�� !"#$%

�� !"#$%&'()�� !"#$%&�� !"

�� !"#$%&'()*+E��TRF��� !"#$%

�� !"#$%�� !"#$%&'()*�� !"

�� �� !"#$%&'(�� ! N=ãäLãáå�� !

�� !"#$%&'(�� !"#$%&'()*+,

��

� 75
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�� !"#$%&'�� !"�# !$%&'()*

���� !"#$%&'()*+,-./0 1234�

�� !"#$%&'()�� !"#$%&'()*+

�� !�� !"#$�� !"#$%&'()*+,

���� !"#$%&'(�� !"#$R���� !

�� !"#$%&&'()�� !"#$%&'()*

�� !"#$%

�� !

�� �� !"#$%&'()*�� !"#$%&'��

�� !"#$%&'()*+,-)*+./01��

�� !"�� !"#$%&'()*+!,E�� S

�F��� !"#$%&'()*+,�� !"#$%

�� !"#$%&'�� !"#$%&'(�� !

�� Q�� !"#$%&'(

✔ ✘

�� !"#$%&'( )*+,�� 

�� !"#$%&'(")*&+,-%

���� !"#$%&'()*+,-./

�� !"#$

�� !"#$%&'()*+

1 Draw 1.0 µl from vial 12
2 Draw 0 µl from vial 0
3 Draw 1.0 µl from vial 8
4 Draw 0 µl from vial 0
5 Draw 1.0 µl from sample
6 Draw 0 µl from vial 0
7 Mix 8 cycles
8 Draw 1.0 µl from vial 12
9 Inject



� 10 �

�� !"

�� !



112

10
�� !"#$%&'()*+,-./�� !"#$%&'()*+

��� !"#$%&'()*+,-!./0�� !"#$%&'

�� !"#$%&'(%)*+$,-.

�� !"#$��� !"#$%&'()*+,-��

�� !"#$%&'()*+�� !"#$�� !"

�� !"#$%�� !"#$%&'()*+�� !

�� kap��� !"#$ !%&'�� bm^�� 

afk�� !"�#$%&'(")*+�� !"#$%

�� !"#

�� !"#$ �� !"#$%&'()*)+,-'(./012345

�� !"#$%&'()*%&+,$-./01234

�� !"#�� !"#$%&'�� !"#$%&'

�� �� !"#$%&'()*+,-./01234

�� �� !"#$%&'(�� !"#$%&'()

�� 

��

✔ ✘

�� !"#$%�� !"#$%&'��

�� !"#$%&'(�� !"#$%&
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✔ ✘

�� �� !"#$%&'()�� !"#$%&�� !"

�� !"#$%&'()*+,�� !"#$%&'(

�� !"#$%&'(�� !"#$�� !�� !

�� !"#$%&'()*+,-./0 1�� !"

�� !"#�� !"�� !�� !"#$%&� 

�� !"#$�� !"#$%&'(�� !"#$%&

�� !"#$%&'()*+,-./01234(5�

�� �!"#$%&'()*�� !"#$%&'()�

�� !"#$%&'(�)*�� !"#$%&"#'

���� !"#$%&'()*+,�� �� !_^pf`

�� !"#$%&'()*++,-�� !"#$%&

�� !"#$%&'()*(+,-./012

�� �� !"#$%&'()*+,-

�� !"�� !"#$%&'()

�� !"#$%&�� !"#$%
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10

�� !" �� !�� !"#$%&'()*+,-./.012

�� !"#$�� !"#$%&'()*+,-./0�

�� !"#$�� �� !"#$%&'(�� !"

�� !"#$%&'�()*+,-E�� TSF��� !

�� !�� !"#$%&'(�� !"#$%&'(

�� !"#$%&'(�� !"#$�%&'()*+

�� !�� !"#$%&'(�� !" L�� !"

�� !"#$%&'�� !"#�� !"#$%&'

�emi`�� !"#$emi`�� !"#�� !��

�� !"#$%&'()*+,$-./01234567

�� !"#$%&'(��emi`�� !"#$%&'

�� �� !"#$%&'(��)*+�� !"#$

�� !"#$%&'()*+, -./�� !"#$

�� !"#$%&'()*+
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�� !"#$%&'()*+,-./012345��

����dimLdjm�� !"#$%&'()*+,-./

��emi`�� !"#E�� TTF��� �� !"#$

���� !"##$%&'() !*�� !"#$%

�� !"#$%&'E�� !"�� �� !"#$F�

�� !"#$%&'(�� !"#$�� !"#$%

�� !"#$%&'()*&+,-�� �� !"#

���� !"#$%&'()*+�� !"#$%&'

�� !"#$�� !"#$%&'()*�� !"#

�� !"#$%&'()
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10
�� !"#$%&'()*+,-./01234567

�� !"�� !"#$�� !"#$%&'()#*

�� !"#$�� !"#$%&�� !"#$%&'(

�� !"#$% !"&'()*�� !"#$%&'

�� !"�� !"#$%&'()�� !"#$%&

�� !"#$%&'()

�� !"#$%&'()*+,-./+,0�� ��

�� !"#$%&'()*+,-�./012345)

���� !"#$%&'�� !"#$%&'()*�

�� !"#$%&'()*+'(,-#./01$234

�� !"#$%&'()*+,-./0�� !"#$

�� �� !"#$%&'()*+,-./0123�

��dimLdjm�� !

�� !"#$%&'()*�� !"#$% !&'(

�� !"#$�� !"#$%�� !"#$%&'(

�� !"#�� !"#$%&'�� !"#$%&�

�� !"#$%&'�� !"#$%�� !"#$%

�� �� !"#$%&'()*+,-./01�� 

�� !�� !"#$%&'�� !"#$%&'()

�� �� !"#
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✔ ✘

✔ ✘

�� �� !"#$%&'()*+,-./01 !234�

�� !"#$%&'()*+,-./012345&6

�� !"#$%&'()*�� !"#$%&'�� 

�� !"�� !"#$%&'%()*+,-./��

�� !"#$%&'()*+E��TUF��� !"#$%

�� !"#$%&'�� !"#$%&'()*+��

�� !"#$%&'( !")*+�� !"#$%&

�� !"#$�%&'()*+,-./012�� !

�� !"#$%&'(�)*+^kaf��EGKÅÇÑF�� !

Shared pr inting
per ipheral s

�� !"#$%&'()*+,��-".&/01+,

�� 

�� !"#$%&�� !"#$%&'

�� !"�� !"#$%&'()*

�� !"#$%&'()*+,-./0

�� 

�� !"#$%&'()*+,-.��

�� !"#$%&'()�� e-mial �
�� !"#$

�� !"#$%&'()*+,-.

� 78
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10

�� !"#$% �� !"#$%&'()*+,-./01234+,5

�� !" L�� !"#$%&'�� !"#$%&'

�� !"�� !"#$%&'()*+,-./012

�� !"#$%&'�� !"#$ !%&'()*+,

�� !"#$%&'(�� !"#$%&'()�� 

�� !"#$%&'()*+,-./�� !"#$%

�� !"#$%&'()*+

�� �� !"#$%&'()*+,-./�� !"#$

�� �

� �� !"

� �� !"#$%&'()*

� �� !"�� !"#$%&'

� �� !"#$

� �� !"#$

�� !"#$%&'()*+,-./01�� !"

�� !"#$%&emi`�� !"#$�� !"#

�� !"#�� L�� !"#$%&'()*+,

�� !"#$%&'(!)*+,-./01�� !

�� !"#$
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�� HPLC
�� !"
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11
�� !"HPLC�� !"#$%&�� !"#$%&'()��

�� �!"#$�� !"#$%&'()*+,HPLC�� !"

�� �� !"#$%&'()*+,-./01234567��

�� !"#$%&'()*"#+,-./012

�� !"#$%"&'()*EilaF�� !EinaF�� 

�� !"#�� !"#emi`�� !"#$%&�� 

�� !"#�� !"#$%&'QP�� !"#$%&

�� !"�� !"#$%&'()*+,-)emi`�

�� !"#$%&"#'()
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�� (LOD)�
�� (LQD)

emi`�� !"��#$%&'()*+,-�� !"

�� !"#$%&'()�� �� !"#$%&'(

ila�ina�� !"#$%�� !"#$%&'()*

�� �� !"#$%&�� �� !"#$%&'(

�� !"#$%&'()*+�� !"#�� !"#

�� !"#$�� !"#$%&'()*�� !"#

���� !"#$%&'()*+,�� �� !"#

���� !"#$%&'()�� !"�� �� !

�� !�� !"#$%&�� !"#$%&'()*

�� !"#�� !"�� !Eh�F�� !"#$%&

���� !"#$%&'()*+,-./EpLkF�� !

�� !�� !"#$%&'()*+,-./��01

�� !"#$%�� !"#$%&'()*+,-./

����� !"#$�� !"#$�� !"#$%&

�� �� !"#$%&'()*+,-.�� !"#

�� !�� !"#$%&'�� !_ÉÉê�� �� 

�� !"#

�� !"#$%&&'()*+ !",-.�� !"

�� !"#$%&'() *+,�� !"#$%&'

�� !"#$%&'()*+,-�� !"#$�� 

�� !"#
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11

�� !"# �� !"#$%&'()*+,-./ 0�� !"�

�� !"#$%�� !"#$%&'(!"#)*+,

�� !"#$%&�� !"emi`�� !"#$%�

�� !�� !"#$%&'� ()%*+,-./0

���� !"#$%&'()*+,#$-�� !"#

�� !"NMM���� !"#$%&'()*+,-./

�� !"#�$�� !"#$%&'()*+,-./�

�� !"#�� !"#$!"%&'()*+,-.)

�� !"#$%�� !"#$%&'(�)*+,-.

�� !"#$%&'�� !"#$%&'()*+,-

�� �� �!"#$%&'()*+,-�� !"#

����� !�� !"#$%&'�� !"#$%&

�� !"#$%&' ()*+,-./0112345

�� !"#$%

�� !"#$%&'()*�� !"#$%&'()*

�� !"

�� !"#$%&'(")*+,-./0EhDF�� !�

�� !"#$%&'()*+,�� !"#�� !"

�� !"�� !"#$�� !"#$%�� !"#

�� !"#"$%&'()*+,�� !"#$%&'

�� !�� !"#$%&'()*+,-
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�� ! emi`�� !"#$%&'()*�� !"# !$%

�� �� !"#$%&'()*+,+-./0123

�� !"#$%�� !"#$%&'()*+,-./0

�� !"#$%&'()*�� !"�� !"#$%

�� !�� !"#$�� !"#$%&'()*+,�

�� !"#$%&'()*+,-�� !"#$%&'

�� !"#�� !"#Emk^ëF�� !�� !"#QN�

�� !"#$%&'()*+,-./�� !"#$�

�� !"#$%&'()*+,�� !"#$%&'(

�� !"#$ !%&'()*+�� !"#$%&'

�� !"#�$%&'()*'+

�� !"#$%emi`�� !"#$%&'()*�� 

�� !"#$%&'()*+,-./0�1�� !"

�� !"#$%�� !"# $%$&'()*+��

�� !"#$%&'()*+,-./012345��

�� !"#$%&'



�� !"#$%&'()*+,-./01234�� 

�� !"#$%&'()*+,-./01234536

�� !"#$%�� !"�� !"#$

�� !"#$%&'(©�2001

2001� 11 � 28�� !"
�� �5988-3294CHCN

www.agilent.com/chem




