
 

 



 

 



 

 

https://stud.epsilon.slu.se/




I 

 

  



II 

 

 

List of figures  

List of tables  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

  

  

  

  

 

 

  

  

  

 

 

  

 



III 

 

 

 

  

  

  

  

  

  

  

  

  

 

 

 

  

 

 

  

  

  

  

  

  

 

 

  

  

  

  

  

 
 

 

 

  

  

  

  

  



IV 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  



V 

 

List of figures 

 ..................................................................................................................... 18 

 .......... 19 

 ............................ 20 

 ...................................... 26 

 .......................................................................................... 30 

 ............................................................................................ 32 

 ............................................................................................................................... 33 

 ........................................... 35 

. 

 ........................... 36 

 ........ 39 

 ................................................................................................................................ 50 

 ........................................................................................................... 53 

https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521012
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521012
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521013
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521014
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521016
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521016
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521016
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521016
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521017
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521017
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521017
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521017
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521017
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521018
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521018
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521018
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521018
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521018
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521019
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521019
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521019
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521019
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521020
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521020
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521020
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521021
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521021
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521021
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521021
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521022
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521022
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521022
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521022
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521023
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521023


VI 

 

 .............................................................................. 56 

 .............................................................................. 56 

 ..................................................................................................... 57 

 

 .............................. 76 

 ............ 76 

 .................................................................................................................... 77 

 

  

https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521024
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521024
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521024
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521024
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521025
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521025
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521025
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521025
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521026
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521026
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521026
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13521026
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13505979
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13505980
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13505981
https://d.docs.live.net/4fc6a59c816d5c30/Thesis/THESIS17.docx#_Toc13505981


VII 

 

List of tables 

 ............................................ 8 

.......................................................................... 16 

 .... 21 

 ............................................................................. 23 

........................................................... 28 

 ....................................................... 29 

 ............................................................................................................................... 37 

 ............................................................................................................................... 38 

 ............................................... 40 

 .............................................................................................................................................. 41 

 ........................................................................................................................ 43 

 ..................................................................................... 44 

 ............... 45 

 ...................................................................................................... 48 



VIII 

 

 ............................................................................................ 49 

 ................................................................................................................................... 52 

 ....................................................................................................... 54 

 .............................................................................................................................................. 55 

 ............................................................................................................... 58 

 ................ 59 

 ....................................................................................................... 63 

 

 ....................................................................... 65 

................................................................................................................................. 66 

 .. 67 

 ......................................................................................... 68 

 ............................................................................................... 69 

 .................................................................................... 70 

 .................................. 71 

 ........................................................................... 72 

 ................................. 73 



IX 

 

 ................. 74 

 .......................................................................................................... 75 

 .............................................................................................................................................. 75 

 

  



X 

 



XI 

 

  

 

 



1 

 

 

 



2 

 

 



3 

 

 

 



4 

 

 



5 

 

 



6 

 

 



7 

 

 



8 

 

 

https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR87
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR6
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR69
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR51
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR76
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR3
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR49
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR56
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR21
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR85
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR57
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR62
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR24
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR80
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR67
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR35


9 

 

https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR37
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR15
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR44
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR87
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR32
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR6
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR69
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR51
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR76
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR3
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR49
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR56
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR21
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR85


10 

 

https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR57
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR73
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR62
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR24
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR80
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR26
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR67
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR37
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR15
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR44
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR87
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR32
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR6
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR69
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR51
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR76


11 

 

https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR3
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR49
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR56
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR21
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR85
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR57
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR73
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR62
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR24
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR80
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR26
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR67
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR37
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR15
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR44
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR87
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR32
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR6
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR69


12 

 

https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR51
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR76
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR3
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR49
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR56
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR21
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR85
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR57
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR73
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR62
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR24
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR80
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR26
https://link.springer.com/article/10.1007%2Fs10661-017-5890-x#CR67


13 

 



14 

 

 



15 

 

 

 

 



16 

 

 

 

 

 



17 

 

 

 

 



18 

 

 



19 

 

 

 

 

 

 

 

 
 
 



20 

 

 

 

 

 

 

 

 

 

 

 

 



21 

 



22 

 

 



23 

 

 

 



24 

 

 

 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 [%]   =    ( 
𝑃𝑟𝑒𝑠𝑝𝑖𝑘𝑒𝑑 𝑆𝑎𝑚𝑝𝑙𝑒𝑠

𝑃𝑜𝑠𝑡𝑠𝑝𝑖𝑘𝑒𝑑 𝑆𝑎𝑚𝑝𝑙𝑒𝑠
  )  ∙    100

𝑀𝑎𝑡𝑟𝑖𝑥 𝐸𝑓𝑓𝑒𝑐𝑡 [%]   =   ((
𝑃𝑜𝑠𝑡𝑠𝑝𝑖𝑘𝑒𝑑 𝑆𝑎𝑚𝑝𝑙𝑒 − 𝑀𝑎𝑡𝑟𝑖𝑥 𝐵𝑙𝑎𝑛𝑘

𝑆𝑝𝑖𝑘𝑒𝑑 𝑆𝑜𝑙𝑣𝑒𝑛𝑡 
) − 1 )   ∙   100

 



25 

 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 (%) =    (
𝑃𝑟𝑒𝑠𝑝𝑖𝑘𝑒𝑑 𝑆𝑎𝑚𝑝𝑙𝑒𝑠 [

𝑛𝑔
𝐿 ] − 𝑀𝑎𝑡𝑟𝑖𝑥 𝐵 [

𝑛𝑔
𝐿 ]

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
)  ∙   100 

 

 

 

 

 
 
 
 



26 

 

 

 

. 

 



27 

 

 



28 

 

 



29 

 

P
G

R
-C

1
3
 

N
O

R
-C

1
3
 

E
E

2
-C

1
3
 

E
2

-C
1
3
 

C
a

rb
o

n
 L

a
b

eled
 H

o
rm

o
n

es 

T
T

R
 

A
n
d

ro
g

en
s 

P
G

R
 

N
G

T
 

N
O

R
 

G
E

S
 

D
IE

 

E
T

O
 

P
ro

g
estin

s 

E
E

2
 

E
3
 

E
2
 

E
1
 

E
stro

g
en

s 

C
o

m
p
o

u
n
d
 

6
.0

3
 

5
.3

2
 

5
.9

 

3
.7

5
 

5
.4

8
 

  

6
.0

3
 

5
.6

5
 

5
.3

2
 

5
.3

6
 

4
.7

5
 

5
.7

3
 

  

5
.3

2
 

3
.7

5
 

5
.4

 

5
.2

6
 

 

R
eten

tio
n

 

T
im

e (m
in

) 

2
 

2
 

2
 

2
  2
   2
 

2
 

2
 

2
 

2
 

2
   2
 

2
 

2
 

2
  

R
T

 W
in

d
o

w
 

(m
in

) 

+
 

+
 - -  +
   +
 

+
 

+
 

+
 

+
 

+
   - - - -  

P
o

larity
 

3
1
8

.2
5
 

3
0
1

.2
 

2
9
5
 

2
9
0

.2
 

 

2
8
9
 

  

3
1
5

.2
5
 

3
1
3

.2
 

2
9
9

.2
 

3
1
1
 

3
1
2

.2
 

3
2
5
 

  

2
9
5
 

2
8
7

.2
 

2
7
1

.1
2
 

2
6
9
 

 

P
recu

rso
r 

(m
/z) 

1
0
0

.1
1

1
 

1
0
9

.0
4
 

1
4
5

.0
4
 

1
4
6

.0
5

4
 

 

9
7
.0

4
 

  

9
7
.0

4
 

1
5
9

.0
4
 

1
0
9

.0
4
 

1
0
9

.0
4
 

1
3
5

.0
4
 

1
4
7

.1
1

1
 

  

1
4
5

.0
4
 

1
4
3

.0
4
 

1
4
5

.0
4
 

1
4
3

.0
4
 

 

P
ro

d
u

ct (m
/z) 

2
2
.3

4
 

2
6
.6

9
 

3
6
.0

4
 

5
5
 

 

2
2
.3

4
 

  

2
2
.0

8
 

2
5
.8

3
 

2
6
.2

3
 

2
5
.4

2
 

2
9
.2

1
 

7
9
 

  

4
0
.9

4
 

5
1
.5

6
 

4
0
.2

9
 

5
4
.7

 

 

C
o
llisio

n
 

E
n

erg
y
 (V

) 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
5
.1

0
7
 

 

2
4
.0

9
1
 

  

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

  

2
4
.0

9
1
 

2
5
.1

0
7
 

2
4
.0

9
1
 

2
4
.0

9
1
 

 

M
in

 D
w

ell 

T
im

e (m
s) 

8
2
.4

 

8
6
.6

1
 

1
2
7

.8
9
 

1
7
6

.3
4
 

 

4
5
.0

8
 

  

4
7
 

5
6
.2

 

4
9
.5

3
 

4
8
.2

9
 

6
3
.3

7
 

4
9
.2

8
 

  

8
1
.1

7
 

8
6
.1

1
 

8
3
.1

5
 

7
8
.9

4
 

 

R
F

 L
en

s (V
) 



30 

 

 

 

 

 



31 

 

 

 
 
  



32 

 

 

 

 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SW
EW
IW

SW
EW
IW

SW
EW
IW

SW
EW
IW

SW
EW
IW

SW
EW
IW

SW
EW
IW

SW
EW
IW

SW
EW
IW

SW
EW
IW

E
1

E
2

E
E

2
E

3
D

IE
E

T
O

G
E

S
N

O
R

P
G

R
T

T
R

4 mL 2 mL



33 

 

 

 

  

 

-250

-200

-150

-100

-50

0

50

100

150

200

M
a

tr
ix

 E
ff

e
c
t 
[%

]

Hormones

ACN

MeOH

0

50

100

150

200

250

300

A
b

s
o

lu
te

 R
e
c
o

v
e

ry
 [
%

]

Hormones 

ACN

MeOH

(A) (B) 

ND 

ND 



34 

 

 



35 

 

 

.  

 

 

 

0

50

100

150

200

250

E1 E2 E3 EE2 ETO DIE GES NGT NOR PGR TTR

A
b
s
o
lu

te
 R

e
v
o
c
e
ry

 [
%

]

Hormones

SW

EW

IW

ND 



36 

 

 

 

 

-120

-100

-80

-60

-40

-20

0

20

40

60

80

E1 E2 E3 EE2 ETO DIE GES NGT NOR PGR TTR

M
a

tr
ix

 E
ff

e
c
t 
[%

]

SW EW IW

. 

 

ND ND 



37 

 

 
 
 
 
 



38 

 

 



39 

 

 

 
 

(a) (b) 

(c) (d) 

0

2

4

6

8

10

12

E1 E2 E3 EE2 ETO DIE NOR PGR TTR

C
o

n
c
e

n
tr

a
ti
o

n
 [
n

g
/L

]

0

2

4

6

8

10

12

E1 E2 E3 EE2 ETO DIE NOR PGR TTR

C
o

n
c
e

n
tr

a
ti
o

n
 [
n

g
/L

]

0

2

4

6

8

10

12

14

16

18

E1 E2 E3 EE2 ETO DIE NOR PGR TTR

C
o
n

c
e

n
tr

a
ti
o

n
 [
n

g
/L

]

(a) (b) 

(c) (d) 



40 

 



41 

 



42 

 

 

 



43 

 

 



44 

 



45 

 



46 

 



47 

 

 



48 

 

 

 



49 

 

 

 

 



50 

 

 

 

 

0

20

40

60

80

100

120

140

160

W e e k  1 W e e k  2 W e e k  3

C
o
n
c
e
n
tr

a
ti
o

n
 [
n
g
/L

]

ETO

PGR

DIE

E2

E1

0

20

40

60

80

100

120

W e e k  1 W e e k  2 W e e k  3

C
o
n
c
e
n
tr

a
ti
o

n
 [
n
g
/L

]

TTR(A) (B) 



51 

 

   



52 

 



53 

 

 

 

0

2

4

6

8

10

12

W e e k  1 W e e k  2 W e e k  3

C
o
n
c
e
n
tr

a
ti
o

n
 [
n
g
/L

]

PGR E3

E2 E1



54 

 



55 

 

 

 



56 

 

0

10

20

30

40

50

60

70

80

90

100

E1 E2 E3 EE2 ETO DIE NOR PGR TTR

C
o
n

c
e

n
tr

a
ti
o

n
 [
n

g
/L

]

TIMFIE

Composite
Samples

0

10

20

30

40

50

60

70

80

90

100

E1 E2 E3 EE2 ETO DIE NOR PGR TTR

C
o
n
c
e
n
tr

a
ti
o
n
 [

n
g
/L

]

TIMFIE

Composite
Samples

ND ND 

ND ND 



57 

 

0

1

2

3

4

5

6

7

8

9

10

E1 E2 E3 EE2 ETO DIE NOR PGR TTR

C
o

n
c
e

n
tr

a
ti
o

n
 [
n

g
/L

]

TIMFIE

Composite
Samples

 

ND ND ND ND 



58 

 

 



59 

 



60 

 

 



61 

 

 



62 

 

 



63 

 

 



64 

 

 

 



65 

 

 

P
G

R
-C

1
3
 

N
O

R
-C

1
3
 

E
E

2
-C

1
3
 

E
2

-C
1
3
 

C
a

rb
o

n
 L

a
b

eled
 H

o
rm

o
n

es 

T
T

R
 

A
n
d

ro
g

en
s 

P
G

R
 

N
G

T
 

N
O

R
 

G
E

S
 

D
IE

 

E
T

O
 

P
ro

g
estin

s 

E
E

2
 

E
3
 

E
2
 

E
1
 

E
stro

g
en

s 

C
o

m
p
o

u
n
d
 

6
.0

3
 

5
.3

2
 

5
.9

 

3
.7

5
 

5
.4

8
 

  

6
.0

3
 

5
.6

5
 

5
.3

2
 

5
.3

6
 

4
.7

5
 

5
.7

3
 

  

5
.3

2
 

3
.7

5
 

5
.4

 

5
.2

6
 

 

R
eten

tio
n

 

T
im

e (m
in

) 

2
 

2
 

2
 

2
  2
   2
 

2
 

2
 

2
 

2
 

2
   2
 

2
 

2
 

2
  

R
T

 W
in

d
o

w
 

(m
in

) 

+
 

+
 - -  +
   +
 

+
 

+
 

+
 

+
 

+
   - - - -  

P
o

larity
 

3
1
8

.2
5
 

3
0
1

.2
 

2
9
5
 

2
9
0

.2
 

 

2
8
9
 

  

3
1
5

.2
5
 

3
1
3

.2
 

2
9
9

.2
 

3
1
1
 

3
1
2

.2
 

3
2
5
 

  

2
9
5
 

2
8
7

.2
 

2
7
1

.1
2
 

2
6
9
 

 

P
recu

rso
r 

(m
/z) 

1
0
0

.1
1

1
 

1
0
9

.0
4
 

1
4
5

.0
4
 

1
4
6

.0
5

4
 

 

9
7
.0

4
 

  

9
7
.0

4
 

1
5
9

.0
4
 

1
0
9

.0
4
 

1
0
9

.0
4
 

1
3
5

.0
4
 

1
4
7

.1
1

1
 

  

1
4
5

.0
4
 

1
4
3

.0
4
 

1
4
5

.0
4
 

1
4
3

.0
4
 

 

P
ro

d
u

ct (m
/z) 

2
2
.3

4
 

2
6
.6

9
 

3
6
.0

4
 

5
5
 

 

2
2
.3

4
 

  

2
2
.0

8
 

2
5
.8

3
 

2
6
.2

3
 

2
5
.4

2
 

2
9
.2

1
 

7
9
 

  

4
0
.9

4
 

5
1
.5

6
 

4
0
.2

9
 

5
4
.7

 

 

C
o
llisio

n
 

E
n

erg
y
 (V

) 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
5
.1

0
7
 

 

2
4
.0

9
1
 

  

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

2
4
.0

9
1
 

  

2
4
.0

9
1
 

2
5
.1

0
7
 

2
4
.0

9
1
 

2
4
.0

9
1
 

 

M
in

 D
w

ell 

T
im

e (m
s) 

8
2
.4

 

8
6
.6

1
 

1
2
7

.8
9
 

1
7
6

.3
4
 

 

4
5
.0

8
 

  

4
7
 

5
6
.2

 

4
9
.5

3
 

4
8
.2

9
 

6
3
.3

7
 

4
9
.2

8
 

  

8
1
.1

7
 

8
6
.1

1
 

8
3
.1

5
 

7
8
.9

4
 

 

R
F

 L
en

s (V
) 

 
 
 
 



66 

 

 

 

 

T
T

R
 

P
G

R
 

N
O

R
 

N
G

T
 

G
E

S
 

D
IE

 

E
T

O
 

E
E

2
 

E
3
 

E
2
 

E
1
 

M
atrix

 

S
tu

d
y
 

S
p

ik
in

g
 

L
ev

el 

1
1
2

 ±
 

3
 

1
0
7

 ±
 

1
1
 

1
1
0

 ±
 

4
 

–
 

1
0
1

 ±
 

5
 

1
0
7

 ±
 

5
 

–
 

1
1
4

 ±
 

2
 

9
6
 ±

 7
 

1
1
3

 ±
 

3
 

1
0
6

 ±
 

5
 

M
illiQ

 

Z
h

an
g

 

2
0
1
7
 

N
.S

. 

0
 

4
5
 ±

 4
 

2
3
 ±

 4
 

2
3
 ±

 5
 

4
5
 ±

 5
 

0
 

2
6
 ±

 

1
7
 

5
0
 ±

 5
 

2
6
0

 ±
 

6
0
 

7
5
 ±

 5
 

0
 T
h

is S
tu

d
y

 

1
 n

g
/L

 

8
4
 ±

 8
 

7
2
 ±

 8
 

6
0
 ±

 

1
1
 

5
3
 ±

 

2
3
 

8
4
 ±

 4
 

0
 

6
5
 ±

 

2
3
 

9
3
 ±

 2
 

9
6
 ±

 

1
4
 

7
3
 ±

 9
 

7
2
 ±

 

1
1
 

5
 n

g
/L

 

1
1
6

 ±
 

5
 

1
0
5

 ±
 

5
 

1
1
4

 ±
 

4
 

–
 

1
1
1

 ±
 

5
 

1
0
1

 ±
 

5
 

–
 

1
1
2

 ±
 

9
 

8
2
 ±

 

1
1
 

1
1
9

 ±
 

6
 

9
4
 ±

 6
 

S
W

 

Z
h

an
g

 

2
0
1
7
 

N
.S

. 

–
 

1
0
1
 ±
 

1
1
 

8
8
 ±
 9

 

8
7
 ±
 1

3
 

9
0
 ±
 1

6
 

–
 

8
2
 ±
 1

3
 

–
 

–
 

–
 

–
 

S
h

en
 

2
0
1
8
 

1
0
 

n
g
/L

 

1
1
0
 

1
1
0
 

1
1
0
 

1
1
0
 

2
1
0
0
 

1
1
0
 

1
2
0
 

1
1
0
 

1
1
0
 

1
1
0
 

1
2
0
 

T
h

is 

S
tu

d
y
 

1
0
 

n
g
/L

 

–
 

–
 

–
 

–
 

–
 

–
 

–
 

8
3
 ±

 5
 

8
6
 ±

 6
 

8
8
 ±

 4
 

8
8
 ±

 3
 

E
W

 

K
o

h
 

2
0
0
7
 

1
5
 

n
g
/L

 

1
1
8

 ±
 

7
 

1
0
8

 ±
 

6
 

1
1
0

 ±
 

7
 

–
 

9
7
 ±

 

1
6
 

1
2
4

 ±
 

7
 

–
 

9
6
 ±

 8
 

9
6
 ±

 5
 

9
9
 ±

 9
 

9
0
 ±

 7
 

Z
h

an
g

 

2
0
1
7
 

N
.S

. 

–
 

1
0
2
 ±
 

1
2
 

1
0
0
 ±
 

1
2
 

9
1
 ±
 1

5
 

9
6
 ±
 1

4
 

–
 

9
4
 ±
 1

7
 

–
 

–
 

–
 

–
 

S
h

en
 

2
0
1
8
 

1
0
 

n
g
/L

 

9
5
.4

 ±
 

1
.6

 

7
4
.2

 ±
 

4
.8

 

1
2
1

 ±
 

1
0
 

1
0
1

 ±
 

4
.6

 

–
 

–
 

–
 

1
4
2

 ±
 

0
.1

 

–
 

1
0
6

 ±
 

1
.5

 

1
1
1

 ±
 

3
.8

 

L
iu

 

2
0
1
1

a 

2
0
 n

g
/

L
 

1
1
0

 ±
 

4
 

1
1
0

 ±
 

2
 

1
0
0

 ±
 

1
 

0
 

7
1
0

 ±
 

4
7
 

1
4
0

 ±
 

1
3
 

1
5
0

 ±
 

9
 

3
6
 ±

 

0
.2

 

1
1
0

 ±
 

0
.9

 

1
1
0

 ±
 

1
 

1
2
0

 ±
 

3
 

T
h

is 

S
tu

d
y
 

3
0
 

n
g
/L

 

9
8
 ±

 1
 

1
0
4

 ±
 

1
 

9
4
 ±

 6
 

1
1
1

 ±
 

5
 

–
 

–
 

–
 

8
9
 ±

 7
 

–
 

1
2
3

 ±
 

1
4
 

1
2
3

 ±
 

1
5
 

IW
 

L
iu

 

2
0
1
1

a 

5
0
 n

g
/

L
 

1
2
0

 ±
 

3
 

1
0
8

 ±
 

8
 

1
1
4

 ±
 

9
 

–
 

1
0
3

 ±
 

1
2
 

1
1
4

 ±
 

5
 

–
 

1
1
9

 ±
 

6
 

1
2
6

 ±
 

9
 

1
0
6

 ±
 

4
 

1
0
2

 ±
 

8
 

Z
h

an
g

 

2
0
1
7
 

N
.S

. 

5
9
 ±

 8
 

5
4
 ±

 3
 

8
9
 ±

 2
 

0
 

6
5
0

 ±
 

6
4
 

1
0
0

 ±
 

5
 

6
8
 ±

 

1
7
 

7
2
 ±

 

1
4
 

1
2
0

 ±
 

3
 

5
6
 ±

 5
 

6
7
 ±

 7
 

T
h

is 

stu
d
y
 

3
0
 

n
g
/L

 



67 

 

 UPLC-MS/MS GC-MS/MS 

 S/N LOQ [ng/L] 
IDL 

[ng/L] 

IQL on Column 

[pg] 
S/N IDL [ng/L] LOQ [ng/L] 

IQL on 

Column [pg] 

E1 6.3 1.6 0.48 2.4 3.3 4.6 15 9.1 

E2 4.3 2.3 0.7 3.5 3.5 0.43 1.4 0.85 

E3 13 0.8 0.24 1.2 3 10 33 20 

EE2 3 3.3 1 5 4.5 3.3 11 6.7 

ETO 9.1 1.1 0.33 1.6 ND ND ND ND 

DIE 7.3 1.4 0.41 2.1 ND ND ND ND 

GES 11 0.91 0.27 1.4 ND ND ND ND 

NGT 8 1.3 0.38 1.9 ND ND ND ND 

NOR 35 0.28 0.085 0.43 ND ND ND ND 

PGR 40 0.25 0.075 0.38 ND ND ND ND 

TTR 85 0.12 0.035 0.18 89 25 2.8 50 
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 Area Recovery [%] Mean SD cv [%] Matrix Effect [%] 

 Prespike Prespike Postspike 1 2     

          

E1 85000 96000 98000 89 98 93 6.7 7.2 -55 

E2 20000 22000 24000 90 92 91 1.2 1.3 -65 

E3 230000 230000 250000 99 92 96 4.8 5 -44 

EE2 280000 310000 140000 89 220 160 96 61 -190 

          

ETO 47000 45000 32000 100 140 120 26 21 -100 

DIE 88000 97000 84000 90 120 100 19 18 -95 

GES 6200000 5900000 7500000 110 79 92 19 20 160 

NGT 0 0 0 0 0 0 0 0 0 

NOR 42000 47000 53000 89 90 89 0.44 0.49 -95 

PGR 38000 44000 66000 85 67 76 13 17 -99 

          

TTR 170000 150000 320000 110 48 79 44 56 -90 
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Eluted with 4 mL ACN 

 Absolute Recovery [%] 

Eluted with 6 mL ACN 

Absolute Recovery [%] 

 SW EW IW SW EW IW 

E1 129 118 77 129 118 77 

E2 120 112 79 120 112 79 

E3 71 118 172 71 118 172 

EE2 122 119 163 122 119 163 

ETO 111 124 96 111 124 96 

DIE 101 111 140 101 111 140 

GES 118 107 113 118 107 113 

NGT 105 0 0 105 0 0 

NOR 110 85 130 110 85 130 

PGR 104 92 69 104 92 69 

TTR 113 92 83 113 92 83 

. 

 Sample A 

Recovery [%] 

Sample B 

Recovery [%] 

Mean 

Recovery [%] 

Standard 

Deviation 

CV 

[%] 

Matrix 

Effect [%] 

E1 89 98 93 6.7 7.2 -55 

E2 90 92 91 1.2 1.3 -65 

E3 99 92 96 4.8 5.0 -44 

EE2 89 225 157 96 61 -194 

ETO 104 141 123 26 21 -100 

DIE 90 116 103 19 18 -95 

GES 105 79 92 19 20 161 

NGT 0 0 0 0 0 0 

NOR 89 90 89 0.44 0.49 -95 

PGR 85 67 76 13 17 -99 

TTR 110 48 79 44 56 -90 
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