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A BSTEACT

Duwe to the impact in the media and the requirements of sensitivity and robustness, the detection of the
misuse of forbedden substances in sports s a really challenging area for analytical chemistry, where amy
sy focused on enhancing the performance of the analytscal methods will be of great interest. The asm
of the present stedy was to evaluate the usefulness of using hydrogen instead of helium as a carmier gas
for the amalysis of anabolic sterosds by gas chromatography-mass spectrometry with electron ionization.
There are several drawbacks related with the use of helium as a carrier gas: it is expensive, is a non-
renewable resource, amd has limited availability in many parts of the world. In contrast, hydrogen is
readily available using a hydrogen generator or high-pressure bottled gas, and allows a faster analysis
without loss of efficiency; nevertheless it should not be Forgotten that dee to its explosiveness hydrogen
miust be handled with cantion. Throwghout the study the impact of the change of the cammier gas will be
evaluated in terms of: performance of the chromatographic system, sawing of time and money, impact
on the high vacuum in the amalyz er, changes in the fragmentation behaviour of the analytes, and finally
oonsequences for the limits of detection achieved with the method.

o 201 1 Elsevier BV, All rights reserved.
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175
176
177
178
179
180
181
182
183
183
184
185
187
188
189
191

193
143

145
146
147
148

2@

He H2 He
Salicylic acid 9.655 9.100 194 Synephrine 16.281
Scopolamine 25.121  24.172 195 Tadalafil 44.673
Secobarbital 18.684 17.809 196 Terbinafine 24.139
Sib 115
Sild .012
Stan 157
Stry| 141
sulf i 5 RT LU ; 5 _5_ 571
Sulf ﬁ ﬁ .952
Sulf .798
Sulf .652
Sulf 921
Sulfametnoxazore Z0.150 Z25.5/9 207 Tolbutamide 16.398
Sulfamethoxypyridazine  29.673  28.799 210 Vardenafil analogue 28.462
Sulfanilamide 20.718 20.112 212 Yohimbine 33.427
Sulfinpyrazone 24.242 23.429 213 Zolpidem 29.717
Sulindac 30.083  29.207 214 Cetilistat 14.692
Oxyphenbutazone 31.419 30.658 169 Quinine 29.839
Pentazocine 24.505 23.647 170 Ranitidine | 22.514
Phenacetin 17.017 16.184 170 Ranitidine I1 29.960
Phenazopyridine 24.670 23.833 172 Rimonabant 37.392
Phenformin 14.844 14.011 174  Salicylamide 12.979

& T BOR LA
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15.602
41.729
23.292
27.168
23.189
19.022
20.324
40.912
50.969
31.712
47.756
21.175
15.612
27.628
32.330
28.784

13.943
28.967

21.701
28.971
35.656
12.103
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180 Stanozolol 200 Theobromine 100 100

181 Strychi kR (ppm ) 100 100
- 182 Sulfadil i Ho B fil 1000 1000
183 Sulfadi 1000 1000
. 184 sulfam 15 Benzbromarone 100 10 10
. 185 Sulfam 19  Bezafibrate 100 1000 1000 1000
. 187 Sulfam : 100 100
188 Sulfam 70 Estradlol_benz_oate 10 100 = -
. 189 Sulfani 109 Mefenamic acid 100 1000 100 100
: ig; gu:f"(‘jlc 142 Oxymetholone 100 1000 11000 11000
i ulinac . . .
. 194 Synept 198 Plpgrldenaﬁl 100 1000 100 1000
o 142 Oxyn 214 Cetilistat 100 1000 100 100
9 143 Oxyphenbutazone 1000 1000 1oy Quinine 100 100
, 145 Pentazocine 100 100 170 Ranitidine 100 100
, 146 Phenacetin 100 100 172 Rimonabant 100 100
2‘ 147 Phenazopyridine 100 100 174 Salicylamide 100 100

148 Phenformin 100 100 175 Salicylic acid 100 100

“‘“ﬁl
—
A iiisamin

Department of Health, Tainan City Government




BHe ,
H2 ,

wapdE ' ETe
SFURZERLCIYL 0T
Buola)s0IEal 86T
SUyeuglal 96T
SUIUYIANS TET
auolalsafold 99T
SUIEIG SO T
sunpeuaydI0 Ot T
SOOI PUEN HETT
BUCIISMSIYAIBITTT
ausEnbe 2 aTT
BID|OUISCIPUBLY BN S TT
[ pUBL 1A O TT
SUEIGPN 50T
surdonBwoH 16
FUOI SIS SLIARON £ 8

3

IT

o

SUDIEISILAT
JoIp RS SAUIYIT £
SUOIST L
S|0ZEU0IT 59
upeuep Ay Auaydig - eg
aupwelpiyuaydig 59
uordosd (AylanT g
SULLID AT DO
SUEINQIOES
wedaze Lg
ueydioy ol Ean g
WIHO-0NEY-L G
SUEI0 O
SIEH PO S
RO TUS O 3 i
BUZIEULD £

I Y. fupEewoIdIoyY RE
supwediuapdig|ygs
jepoadosuel 'z
S LR e O
SUlay e 9
U Uyl WoIg 7T

i SUSLPLOIE" T E

w | L JAPOIESIE 0T
SUIEIOTUSE LT
surdospy €T

auppbpd g g

% INRY

TR 543 Iovymt

-
-
-

12000 -
10000
8000 -
6000 -
4000
2000
10

.l
e
=
=
g
=
el
L
e
&
s ]
A
=
=
o
=
®
=
=
=
T
P
=
£
=
=
&
=
—
-
o
=
-
c
@
=
B
i=|
153
=
=
o
-~
=1




A& 100ug/mL2_S/N Ratio-3

)

=ik

A

BHe

BHI

CsueLyoLTTE

SEHC R [ EUS e OTT
P LTINgEL 0T

|ETRAIIL S 0T

U AYECEYLTOE

U LI3IgoaYL CoT

Bu EIENOLGET

1B ZREL'GET

JepuUng EET

BUBTEAELUING TET

FRUITHIRNS €4T

U TEpAAROL3E WEYN S ART

FUTRYIF L EYNEGRT BT

FUTEIA L EYNS FAT

1 ELRO S WP NS ERT
FUXOLIFUIERING AT

Juzepeyns AT

1@ 9toueig 3aT
BLSE| S 6T

U LIzIIrels BT

19 GIRQOIFE £ 4T

Fu iz odoas el

WP LR AT RS LT

WRQRUB WY 24T
PELIPIAYEN BT

JuLinTEaT
1917 421d0. 4 AT

A

10000

1B0D4

16004

B000

19004

00 5000

4000

aujay eat
PIARUICCIS PR T

JUDD LA AT
FUDGUEIIATST

aud eSUpaId ST

AU CETUS 4 55T

Au LzjouEdoad Aua 44 5T

auares

qQAdETET L
U LIAILEYY TET

124y dOUSYs BET
1B EIRGOUEL 2 ST
UILIBLELd BT

U EPAdOIELS LY EBT
uBEIRUS AT
JuACERIUID SpT

au EIELRAND TET
FUDITE AT ION FET
IELEE] 39 IRIO N EET
SuEIPINNTET
uBKoIdEN 2T
FULCIOW 9T

IR *aun sET
3|ETEPIL OB T

P LRIdOEOIN EET
FUD CSUPBIdA BB TET
F|CTEUWIEILAOET

1B QIELE AETT

U LRIy d L eI STT
apwegouda ETT

au LeiuEyda T TT
WSELEYEE N TTT
UIUOIRFN BT T

IOF UITRiY 33T

ALEdITRIDT 20T

uago e 3N T

Busou TeENEIOTEP | TOT -
uagoidre | oot

AUIERIOIO AR BE
UIRLE) END 06

U nLcas 0 G
LBEUID £¢
LR
susEsen s za
BIE¥CAE TR

ap sEeuld 08

Su LRIngUE gag
[CIERCET e EE=v

ap LzTUAgAYOYIE e
[CHECER )
aujjAyccadio L8
|1HEUBP 5 JAE LD b
124358 3% ALea TE
AWUIIEPICEE

susteyELENEg SS

BUIRIIP SR ARS USSP 0N pE MBS

U LI RCRARILAC-N TS TS
FUDEIRIOD FE N'bS
FU YT L e
AUDTRFOTIONYD T

ap wedosdio|yy o

FUDIRTI LSO EE

| ap adsIRipoc|ya TE

1dRuBpagIe TE
FuRuAd EIEGIED BT

unpEang vy

BFINAID| RAIOIT ET
FUIFEYIE LRI BT
B CIRE T
i ey TT

au Lzjayd Ly 3T
ETTEE E VT VErS

P LTRIYOIT Y
I:ELSF 33T
CEFEERITNEELS §

(q
o
—i

E bW EREL A

A0

Department of Health, Tainan C

v Government

-




.98 =2k B 500/mL2 S/N Ratio

250 -
D50 g

2
200 —/50

150 -

100 ~ He
Hea=—
100 " g,

mH2

50 150

oy '
—=

B siraRmis

Department of Health, Tainan City Government




BO00
5000 v
4000 1
3000 7 [
2000 1 -
He
1000 _I-E -rl H2
i
R e s e i e e e
R S . BB D g & & BB B o D
%».# {t&a @* 655’ Hﬂ‘& {\% ﬁ‘t‘{h ,bﬂ* ,ht.-"b 1,:;-?* {3‘0 "4:1;"& 1§F ,bi} 1.5"* Tﬁ-.? {‘# ﬁ-é‘:"' q@ﬁ‘
dh‘bb ﬁ:‘i Fﬂﬁ &3,- & ‘;{«.bﬁl ﬁ%’ {Pi‘r&\ F -.,3‘ ‘-igﬂ "'-.ERE‘-P G’i‘-«"‘“" 0 {\'E'q %b'z' ;-%Ez'#;{tbt
P FL I I TS E P F S E
*-‘b?‘& v {}bﬁ{b w ¥ o "{:ﬁﬁ;@ "l:'ﬁ{\ r.ﬁb %@nﬁ ﬁib& “:?'"h @éﬁaﬁdﬁ
¥ ¥R

e

‘“id‘oﬁ e L T —

Department of Health, Tainan City Government




-,

AR Eﬁwmiﬁ e ®

Department of Health, Tainan City Government

-




178 |Shutramine 114,72, 58, 101, 128, 137 198 [Testosterone 288, 246, 203, 147, 124, 91, 55
179 |Sildenafil 404,281,207, 99, 56 1 199 |Tetracaine 58, 71,176,150, 105, 193,92
" 180 [Stanozolol 06, 318, 257,270, 133, 119, 175 ) 200 |Theobromine 180, 67, 109, 55, 82, 137,42, %4
o181
Tm Hoip | H&ip H
o |
T
8 e . !
18 25 M - R —
i —
191 |Sulfinpyrazone 278, 249, 209, 183, 152, 130,103, 77, 1 ;212 |Yohimhine 353,169
193 |Sulindac 233,297, 312,248, 67, 123, 47,133, 220 ) 23 |Zolpidem 235,207,219, 281, 307, 65, 92,191

194 [Synephrine 135, 44,107,179, 160, 77, §1,91 ]. 214 [Cetilistat 177,160, 133, 35, 104, 77, 401
"143 [Oxyphenbutazone 93, 45, 55, 69, 161, 193, 77, 249 AN
) 145 |Pentazocine 217,202, 285, 110, 270, 70, 45,159, 173 170 [Ranitidine 235, 137,94, 67
" 146 |Phenacetin 179, 137, 108, 80, 65, 53 | 170 |Rimonabant 84,363, 55, 99, 282, 335, 299,41, 380, 143,462
| 147 |Phenazopyridine 213,108, 81, 54, 136, 97, 184,66, 155 14 |Salicylamide 120,137, 92, 63, 53, 44, 80
i 148 |Phenformin 146, 104.91, 77, 65 | 175 [Salicylic acid 120,92, 138, 64, 46
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2 LOD
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176 Scopolamine 1 195 Tadalafil 100
177 Secobarbital 100 1 196 Terbinafine 10
178 Sibutramine 100 1 198 Testosterone 10
179 Sildenafil 100 1 199 Tetracaine 100
180 Stanozolol 100 1 200 Theobromine 100
181 Strychnine 10 1 201 Theophylline 1000
182 Sulfadiazine 100 1 202 Thiodimethylsildenafil 1000
183 Sulfadimethoxine 100 1 203 Thiohomosildenafil 1000
184 Sulfamerazine 100 1 204 Thioridazine 10
185 Sulfamethazine 100 1 205 Thiosildenafil 1000
187 Sulfamethoxazole 1000 1 206 Tinidazole 100
188 Sulfamethoxypyridazine 100 1 207 Tolbutamide 100
189 Sulfanilamide 100 1 210 Vardenafil analogue 100
191 Sulfinpyrazone 100 1 212 Yohimbine 100
193 Sulindac 100 1 213 Zolpidem 10
194 Synephrine 1000 1 214 Cetilistat 1000
142 Oxymetholone 1000 168 Propranolol 100 ¢
143 Oxyphenbutazone 1000 169 Quinine 100
145 Pentazocine 100 170 Ranitidine 100 ¢
~ wu@®, 146 Phenacetin 100 172 Rimonabant 100
‘& 147 Phenazopyridine 100 174 Salicylamide 100
148 Phenformin 100 175 Salicylic acid 1000
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i F 24 F2GC/IMSiE 2 F

.- . (mln)

Cimetidine 6.651 5 722
78 Fenfluramine 8.267 7.506
151  Phentermine 6.779 6.160
115 Methamphetamine 7.195 6.505
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He H2
194  Synephrine 16.281 15.602
195 Tadalafil 44.673 41.729
196 Terbinafine 24.139 23.292
198  Testosterone 28.115 27.168
199 Tetracaine 24.012 23.189
200 Theobromine 19.157 19.022
201  Theophylline 21.141 20.324
202  Thiodimethylsildenafil ~ 43.571 40.912
I 203 Thiohomosildenafil 55.952 _ 50.969
204  Thioridazine 32.798 31.712
205  Thiosildenafil 51.652 47.756
206 Tinidazole 21.921 21.175
207  Tolbutamide 16.398 15.612
210  Vardenafil analogue 28.462 27.628
212  Yohimbine 33.427 32.330
213  Zolpidem 29.717 28.784
214  Cetilistat 14.692 13.943
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